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Hot 
tip for 
rockets 


This is a throat insert for the nozzle of a 
solid fuel rocket engine —and it is made possi- 

ble by a dramatic new isostatic pressing and 
sintering operation at Sylvania. This opera- 

tion enables Sylvania to make full use of tungsten, 
molybdenum and their alloys. It assures rocket 
and missile manufacturers of a steady and depend- 
able source of supply for the desired refractory 
metal blanks and ingots. 

Forging blanks are no problem for the Sylvania 
isostatic presses and sintering furnaces; nor are 


preform blanks for machining or electrodes 
for are casting. Sylvania is also equipped to 
“green machine” the blanks or furnish them 
to exact finished tolerances. 
If refractory metals are your materials, and 
special shapes, sizes or quantities your problem, 
you'll find the quality and price Sylvania offers 
to be of distinct advantage. For details, call your 
Sylvania representative, or write Chemical & 
Metallurgical Division, Sylvania Electric Products 
Inc., Towanda, Pennsylvania. 
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personnel 


@ These items are listings of the Engi 
neering Societies Personnel Service, Inc 
This Service, which cooperates with the 
societies of Civil, Electrical, Chemical 
Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is available to all 
engineers nembers and non-members 
and is operated on a nonprofit basis. If 
you are interested in any of these list 
ngs ami are not registered, you may 
ipply by letter or resume and mail to the 
office nearest your place of residence, 
with the understanding that should you 
ecure a position as a result of these 
listings you will pay the regular em 
ployment fee of 60% of the first month's 
salary if a non-member, 50 if a mem 
ber. Also, that you will agree to sign our 
placement fee arrangement which will be 
mailed to you immediately after receiy 
ing your application. In sending applica 
tions be sure to list the key oa job 
yumber. The New York office of Engi 
wertna Societies Personnel Service, Inc 
is open for interviews until 7:00 p.m 
hursday evenings 

@ When making application for a po 
sition, include eight cents in stamps for 
forwarding application to the employer 
and for returning, when possible 


——MEN AVAILABLE—— 


All those listed under “Men Avail 
able” have membership in the AIME 


Metallurgist, PHD. Broad background 


physical metallurgy, ferrous and non-ferrous 


research and production experience 
born, Europe ind American educated. Ad 
ministrative interests Several foreign lan 
guages Will relocate, prefer New York area 
M -239 


Metallurgical Engineer, M.S Met Eng 
ste 36. Experienced director engineering and 


manufacturing Experience specialized 
foundr powder metallurgy, primary work 

ing of netals Desire re sible positior 
with progressive company leading to mar 

agement positior Location: oper M-1150 
Chicago 


Metallurgical Engineer, BS. Met. Eng 


“ze «30. Four years research and develop 
ment department of larg integrated steel 
mii Respo bilities include conductior ind 
directior both laboratory and productior 
type experimentatior Locatior Midwest 


M-1151-Chicago 


Metallurgist, BS.. Met. Eng age 41. Ter 


years tallography of valve and jet alloys 
in auton € aircraft. Consultant and 
designer for tigatior of oil ind water 
corrosior heat treatment of carbor steel 


Location, Midwest or West. M-1152-Chicago 


Senior Metallurgical Engineer, B.S. ChE 
Experienced refractory metals, high temper 
sture testing -ar« melting-casting alloys 
Prefer New York Metropolitan area. M-24( 


Chief or Supervising Metallurgist, physica 


or process, B.S. Physics, age §. Nine 
R&D, production soft magnetic ma 
four years supervisor custome se ce 
technical administratior Seek ® ne mar 
igement position embracing R&D. productior 
“nd sales utilizing specialized experience 
Location oper M-241 

Assistant Research Development Sales 
MetE. age 38. Recent student four years 
expertence maintenance ft fe res 
posittior as engineering ride tec? 
sistant r sales in chemical etallurgica 
engineering or pers ‘ : ela 
tions. Salary open. Prefer Sar s« Bay 
Area. Home San Francisc Se 
1064 

Metallurgist,. MetE. 27. Four yea esearct 
and development ir ew smelting pr tice 
modernizate f ope tior t ting 
new uses for lead and lead alloys f t ‘ 


company Military completed. Se-138 
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——POSITIONS OPEN—— 


Engineer, graduate mechanical or 
metallurgical engineer with five to eight 
experience welding engineer x ind 
wit! east two ear harge f weld 
ng eng ee ne perfor ne weld 
ng engine 4 researct ind development 
Mu e good work a knowledge major 
welding proce ind a good foundatk ir 
ferr meta ticular the welding 
i pplication of et f high temper 
higt pre ire Should have 
tect ca writ k and ab t to peak 
effective before ale grout 
Must be capable { effective ervising 
development work i shop welding contro 
Sala . 000-$12.000 ca Compa pays 
placement fee. Location: Pe nia. W9403 
Engineers experienced in the iron and steel 
dustry Furnace ind Heat Engineer 
graduate mechanica r metallurgica with 
‘ e b Ke ar r peration of steel 
eftere ‘ t fu ce 

7 000-$15.000 ear b 
Re ing graduate neta irgica 
or ‘ er with strong back 
und pe t Experience 
must ‘ ext ire to nlling 
desig 1 ent sti t Sal 
$13.000-815,.000 ear Company pays 


placement fees. Locatior New York, N. Y 


Metallurgist, young, need not be graduate 


for ompa ir precisior casting foundr, 
ind heat treating of t to 
$6000-$7800. Compar wi negot Lo 
ation New York, N. W9397 

Metallurgist, tallurgica Re 
earch, graduat« preferred, with 
twe t fou ce i physical 


ground would tr al met i 

research und de experience with 
high strengtt Experience devel 
ping gnesiun helpful. Experi 
ence mn the ai field helpful 


Salary to $8000 vear. Locatior northern New 
Jersey. W9281 


Project Engineer ‘(Trainee B.S. in me 
chanical or metallurgical engineering with 
none t two ears experi« € with basi 
knowledge of engineer g principle and abil 
ity t Pt these pr ples to routine prob 
er One €a tra g progra de gned to 
provide fami ition and training in basic 
eng eecring pr ple of each of the divisior 
product lnes Will be msigned to one of 
four engineering groups with rdvancement 


toward project or product engineer Salary 
to $6300 ear Training locations northern 
New Jersey Missouri, Chicago, lll., Ohio or 
Alabama. W9380 


Physical Metallurgist with two years plant 


experience for processing and iborator cor 
tre n alumir casting and r« ne pera 
tions. Locatic Penns) W9343 


Chief Metallargist and Quality Contro! Su 
pervisor, graduate metallurgist, with five to 
ten years experi« ¢, to take charge f R&D 
foundry ind prod 


etallurgic 
act spect have kK wiedge of 
melting practic contre cents 

" g and Aa copper base alloys 
Salary. $10.000-$15.000 vear. Locatior Ohio 
W9328 


Section Head or Manager. Ceramic Re 
searct advanced degree PhD. preferred, ir 


materials engineering cer s netall 
r physical cher tr it least three ‘ 
research or leve pment work ceramic 
field s required pl up 
studies on the properties of glasses, enamels 
whiteware 1 eramik naterials, reporting 
Direct f tesearch Salar) $11,000 
$14,500 vea Company may negotiate place- 
ment fee. Locatior Pennsylvania. W9327 


Chief - Metallargist - Mine Superintendent, 


graduate ver ] with ve to ter years 
experie nganese silver-lead 
zir ne peration employing fron 
20) t me Locatior West. W9314 


Project Engineer, graduate chemical, ce- 


eta anufacture of 
3 ng ft ducts with five 
rese h experience in related industr 
for product development work. Salary fron 
$9000 ve t pportunity Locatior 


Excell 
central New Jersey. W9282 


Production Engineer graduate mech- 
4 


nical, with a metally or desired, with 
practica experience action engineer 
ng ir ving the meta ng or metal fab- 


ricating industry equipment design experi 
ence, familiarity with various kinds of metals 


nd their haracteristics; some knowledge of 
factors affecting the structure and constitu 
tion of alloys. Under directior will be re 
sponsible f« technical service to 
ll departr rials division for the 
purpose of ind development 
mainter omica utilization of 
division's produce maximum 
qualit it minimum cost. Location: Connecti- 


cut. W9268 


Pilot Plant Superintendent, MetE or 
10-45. Experienced in pilot plant ore dress 


ng operatior heavy media jigging, spirais 
flotatior magnetic separatior for ron ore 
operatior Working knowledge of Spanish 
desirable. Possible family housir after r 
ployment ifter two or three months ngle 
status For ar open pit mine operatior 


About $9600 plus benefits. Locatior Peru 
S. A. §)-5399-R 


Sales, sales background, to 38. Should have 
al sales experience of some product 
in the East Bay Area. Will sell 
strip stainiess st particu 
specialties, to machine shops 
and factories. For a branch office of a well 
established steel manufacturer. Four to six 
weeks’ training period required in Easterr 
U. S. Car required. Base salary $5400-$6000 
to start plus quarterly and annual commis 
sions. Potential for $8000-$10,000. Placement 
fee reimbursed after one year employment 


San Francisco Bay Area men only. $j-5313 


indust 


Assistant Plant Metallurgist or Mill Fore- 
man, under 50. Min Dr or related field de 
sired, but not mandatory. To supervise op- 
eratior should have knowledge of crushing 
grinding, cycloning, flotation, filtering, pump 
ng and drying operatiens and equipment. In- 
terest in flotation research desirable but sec 

jary to operations. Will have complete 
ind independent charge of operations of 
present < upon completion of new plant 
under uction. For producer of phos 
phate rock in western U.S. $7200 to start 


Sales, MetE or equivalent, 30-50. Minimum 
five to ten years foundry or engineering 
sales experience relating to metallurgy. Will 
provide technical sales assistance on ferrous 


p 
castings. For a ferrous foundry. $8400-$9600 
depending on qualifications. Los Angeles area 
57 


Plant Engineering and Preduction, EE 


MetE, 30-50 : One mechanical engineer 
b One electrical engineer familiar with 
heavy electrical usage. « One metallurgical 


engineer for production control. They must 
have seven to twenty years working experi 
ence and be familiar with equipment and 
work in an ore reductior ind metals pro 
cessing plant Salary commensurate with 
experience. Nevada. $)j-5349 


Address replies for positions 
to the nearest local office of the 
Engineering Societies Person- 
nel Service, Inc., not to the 
JOURNAL OF MetAts. Offices are 
located at 29 E. Madison St., 
Chicago 1, Ill. . . . 57 Post St., 
San Francisco, Calif. ... and 
8 W. 40th St.. New York 18, 
N. Y. 


A weekly bulletin of engi- 
neering positions open is avail- 
able to AIME members at a 
subscription rate of $3.50 per 
quarter or $12 per annum; 
$4.50 per quarter or $14 per 
annum for nonmembers, pay- 
able in advance. Local offices 
of the Personnel Service are at 
8 W. 40th St.. New York 18; 
57 Post St., San Francisco; and 
29 E. Madison St., Chicago 1. 


iz 
‘ 
Ry 
‘ 
. 4 
~" 
x 
+> 
4 
~ 
} 
ey 


SIMPLIFY ROLLING 
SMALL INGOTS Plain carbon steels, made in three 12-foot 


Lectromelt® Furnaces at Lemont Manufacturing Corporation, Lemont, Illinois, 
into billet-size ingots —then rolled to finished sizes with one heating. Each furnace pours 
heats of 20 net tons—7*; to 8 tons per hour. For more data, ask for Catalog 10. Lectromelt 


Furnace Division, McGraw-Edison Company, 326 32nd Street, Pittsburgh 30, Pennsylvania. 


WHEN You met... Lectromelt 
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new books 


Books that are marked (®) 
may be ordered through AIM 
Address Irene K. Sharp, AIME 
Book Dept., 29 W. 39 St., New 
York 18 Y. A discount 


jiver whenever if is possit le 


Progress in Semiconductors, vol. 4, 
edited by A. F. Gibson, et al, John 
Wiley & Sons Inc., 291 pp., $10.50, 
1960—This fourth volume in the ser- 
ies contains papers from the USSR, 
UK, Germany, the Netherlands, 
Japan, and the US. The following are 
the titles of papers included: Nega- 
tive Effective Masses in Semiconduc- 
tors: Oxidation Phenomena on Ger- 
manium Surfaces; Theory of Ava- 
lanche Multiplication in Non-polar 
Semiconductors: Internal Field Emis- 
sion: Noise in Semiconductors; The 
Electrical Effects of Dislocations in 
Semiconductors; Dielectric Proper- 
ties of Solids in Relation to Imper- 
fections; and Non-Crystalline, Amor- 
phous, and Liquid Electronics Semi- 
conductors. ® 


Les Traceurs Radioactifs en Metal- 
lurgie Physique, by C. Leymonie, 
Dunod, Paris, 221 pp., approx. $6.40, 
1960—The first chapter is a refresher 
on radioactivity, discussing atomic 


structure, isotopes, radioactive decay, 
and the production of artificial radio- 
isotopes, summarizing their use in 
metallurgy. The remainder of the 
book discusses in detail such metal- 
lurgical phenomena as diffusion, se- 
gregation, corrosion, and oxidation, 
showing the radioactive tracers in 
detective operations. Particular at- 
tention is given to critical examina- 
tion and comparison of English, Ger- 
man, and Russian detection methods, 
especially in ferrous metallurgy. ® 


Materials and Techniques for Elec- 
tron Tubes, by W. H. Kohl, Reinhold 
Publishing Corp., 638 pp., $16.50, 
1960—This updated version of mater- 
ial published in 1957 covers the com- 
position, properties, and behavior of 
materials used in electron tubes, as 
well as the techniques for assembl- 
ing them. The materials discussed in- 
clude glass, ceramics, mica, carbon, 
and graphite, base metals, and rare: 
metals. Assembly techniques covered 
include metals brazing and glass- 
metal and ceramic-metal sealing. ® 


Symposium on Radioisotopes in Met- 
als Analysis and Testing, ASTM Spe- 
cial Technical Publication No. 261, 
62 pp., $2.75, 1960—The first four 
papers are of the survey type, cov- 
ering general types of analysis using 
radioisotopes, such as thickness gag- 
ing, absorptiometry, radiometry, ac- 
tivation and isotope dilution assays, 
and the proper instrumentation for 
these methods. The remaining four 


tunity. 


experience to: 


J. T. Jarman 


RESEARCH METALLURGISTS 


The continual expansion of our central Research Laboratories of- 
fers a rich opportunity for qualified professional metallurgists, MS 
Ph.D. The highly diversified product line of this established, pro- 
gressive corporation provides opportunity for company-sponsored 
metallurgical research of almost unlimited variety and scope. Per- 
sonal interest, initiative, and achievement are recognized in a work 
environment designed to maximize individual freedom and oppor- 


Write, giving details of educational background and prior work 


Assistant to Vice President 
in Charge of Research 


Allis-Chalmers Mfg. Co. 


Milwaukee 1, Wisconsin 


papers describe current industrial 
activity, including the anaylsis of 
tungsten and aluminum for trace im- 
purities, and the training of person- 
nel in the use of radioisotopes. ® 


International Symposium on High 
Temperature Technology—Proceed- 
ings, McGraw-Hill Book Co. Inc., 348 
pp., $15, 1960—These papers are 
derived from a Stanford Research In- 
stitute symposium on fundamental 
research on high-temperature tech- 
nology in the US and abroad. There 
is a section on techniques and meas- 
urements which comprises papers on 
the image furnace on measure- 
ment of temperatures and properties 

and on reaction. Metals, oxides, 
refractories, and thermal transfer are 
dealt with in the materials section. 
Processes discussed are high-pres- 
sure methods, condensed-state re- 
actions, fused-salt chemistry, pyro- 
metallurgy, and high-temperature 
chemical synthesis. Other topics cov- 
ered are mechanical properties of 
metals, thermoelectric power, mass 
spectrometry in high-temperature 
chemistry. ® 


Vacuum Processing in Metalworking, 
by J. W. Cable, Reinhold Publishing 
Corp., 202 pp., $5.50, 1960—This is a 
description rather than rigidly tech- 
nical presentation of vacuum process- 
ing. The first three chapters cover 


(Continued on page 654) 


METALLURGICAL RESEARCH 


Chemical Engineer, Metallurgist, 
or Physical Chemist to do basic re 
search in process metallurgy with 
large Western Pennsylvania re- 
search organization. PhD degree 
required, preferably with an inter- 
est or some experience in high 
temperature research. The field 
includes investigations of energy 
and mass transfer in heterogeneous 
reactions in various combinations 
of solid, liquid and gos phases with 
emphasis on reaction kinetics and 
equilibria; property measurements 
at high temperatures; and explora 
tory studies of process ideas. Reply 
giving complete information and 


salary requirements to Box 15-JM 


Teaching and Research, 
Metallurgy—Solid State 
Science 
Expanding graduate program. Of 
fers unusual opportunity for Ph.D 
Physical Metallurgist and/or Solid 
Stote Scientist. Academic rank and 
salary dependent upon quolifica 
tions. Apply: Dr. James A. Luker 
Chairman, Department of Chemi 
cal and Metallurgical Engineering 
Syracuse University, Syracuse, New 

York 
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Now...a low-cost 
Nitride-Bonded 


Silicon Carbide! 


Now, the best-performing silicon carbide 
refractory is available at a realistic price! Brand- 
new CRYSTOLON ‘‘63"’ permits the use of a cost- 
saving nitride-bonded silicon carbide refractory 
for hundreds of applications. 


Produced by an exclusive Norton process, 
CRYSTOLON ‘‘63” silicon carbide provides all the 
superior properties of nitride-bonded silicon car- 
bide at a mew low cost! It has high thermal 
conductivity, excellent heat shock and wear 
resistance, and good resistance to most corrosive 
liquids. In extensive tests, it not only showed 
excellent resistance to ‘“‘wetting’’ by molten non- 
ferrous metals (aluminum, magnesium, zinc, lead 
and others) but also to fused salts, such as 
cryolite! 


CRYSTOLON ‘‘63”’ refractories can well mean a 
vast improvement in many of today’s metal melt- 
ing and transfer operations . . . new efficiency and 
economy throughout operations such as yours. Get 
complete details now! Write NORTON COMPANY, 

» *Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 
ba 


REFRACTORIES 
Engineered... R ... Prescribed 


75 years of 
Making better products 
...to make your products better 


HORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Clecire- Chemicals — BLHR- MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure Sensitive Tapes 
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BOOKS Magnesium and Its Alloys, by C. S mental investigations of particular 
Roberts, John Wiley & Sons Inc., 230 properties ... and experimental 
(Continued from page 652) pp., $9, 1960—The extraction and re- techniques for the preparation and 
fining of magnesium alloy theory study of intermetallics. Appended 
vVaoUNn'S MaDtEES production of and phenomena and the physical are an extensive review of the litera- 
brainer ane heating systems for and chemical properties of the metal ture in the field, dating from 1908, 
vacuum processes. The remainder of and its alloy systems are covered in and an index to the compounds dis- 
the book des ribes vacuum tech- detail The technology at teeth, cont aed © 
niques for refining, purification, and wrought alloys is included. ¢ ASTM Standards cn Light Metals 


melting, casting, plating, brazing, 
welding, and heat treatment of met- Optics of Thin Films, by A. Vasicek, and Alloys, 5th edition, 355 pp., $4.50, 
1959—Includes_ specifications and 


als, and for sintering in powder Interscience Publishers Inc., 403 pp. A 
metallurgy. ® $12.50, 1960—This is an enlarged and general methods of testing cast and 
wrought aluminum and magnesium 


revised e English of the au- 
Tin and Its Alloys, edited by E. S. revised edition in 
He dges et al Bdwe rd Arnold I td thor’s 1956 Czechoslovakian publica- nd hs 
London, 424 pp., $27.50, 1960—Eleven __ tion. It reflects his personal concept filler motel 
-hante B tist mmerte ¢ of the subject and presents those some specifications 
chapters Dy lve Sritisn experts On and recommended practices for elec- 


the properties and applications of problems which he regards as im- troplating aluminum alloys. ® 
tin and its alloys describe the tin in- portant in studying thin films; it is a a ' as 


dustry in general the versality, thoretical approach. Included are dis- Metallizing of Plastics, by Harold 
physical, and chemical properties of cussion of reflection and refraction Narcus, Reinhold Publishing Corp., 
tin alloy chemical behavior of light by one and more than one 208 pp., $5.50, 196(0—A summary of 
during electrodeposition, hot tinning, thin films, and on a boundary be- the methods employed by Electro- 
and corrosion and practical uses tween two and more than two di- chemical Industries Inc. for metal- 
of tin and its alloys. ® electrics. Also discussed are thin lizing mnonconductors, particularly 
metallic films and thin dielectric plastics. It deals with actual produc- 
Symposium on Electron Metallo- films on metal, plus the influence of tion procedures, formulations, and 
graphy, ASTM Special Technical thin films on polarization of light at techniques. Included are descriptions 
Publication No. 262, 128 pp., $4.25, total reflection. ¢@ of deposition by chemical reduction, 
1960—This volume includes papers vacuum metalizing, the cathode- 
on the electron metallography of cast Mechanical Properties of Intermetal- sputtering process, the silver spray 
nickel, tin alloys, and tin plate alloy lic Compounds, edited by J. H. West- method, and the electrolytic method 
layers. It also covers dislocations and brook, John Wiley & Sons Inc., 435 Also discussed are the characteristics 
high-temperature alloys, with special pp., $9.50, 1960—The outgrowth of a and testing of metallic deposits, plus 
attention to their phase morphology 1959 Electromechanical Society sym- the recent developments and poten- 
Other papers discuss electron diffrac- posium, this book includes papers on tial uses for metallized plastics. ¢ 
tion techniques and electron micro- the mechanical behavior of inter- 

probe measurements. ® metallics theoretical and experi- (Continued on page 658) 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 
at the rear. The grinding platforms are pitched down- 


No. 1470 AB HANDIMET GRINDER, complete $98.00 
ward and away from the operator. 


No. 1469-5W AB HANDIMET GRINDING PAPER for 1470 Grinder, 


Grits 240, 320, 400, 600 por 100. ...$10.00 The Handimet Grinding Paper is coated with a pressure 


sensitive adhesive backing and firmly holds when merely 


No. 1469-1-SW AB HANDIMET GRINDING PAPER assorted 10 each pressed against the flat grinding surface. It is easily re- 
grits 240, 320, 400, 600... $4.50 movable when sheet is worn. 


2120 St., U.S.A. 
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Again proving that “Repeat orders are the best sign 


: of satisfaction — which is the best endorsement” — 
here is a record of RAMTITE progress in soaking 
‘ pits in leading steel mills 


The original use of RAMTITE (Special Super No. 
25) was in the covers. (Not shown in sketch.) 
Later, Special Super RAMTITE was applied to 
the coping. 

At another time this same grade of RAMTITE was 
used in the complete sidewalls. 


a} 


The next step was the use of 90-RAM in the slag- 
line—a more rugged RAMTITE which is so ero- 
sion-resistant. 


Now—the latest installation has been 90-RAM 
on the bottom of this four-hole soaking pit. 


So — servicewise and satisfactionwise , RAMTITE 
has won its place — step by step from the top to the 
bottom. Another testimonial for this plastic refrac- 
tory and its monolithic construction. There is no 
argument against success! 


DIV. OF THE S$. OBERMAYER CO. 
1811 S. Rockwell St., Chicago 8, Ill. 


City 


Company Name 
Attn. Mr 
Address 


THE RAMTITE CO., Div. of The $. Obermeyer Co. 
1811 S. Rockwell St., Chicege 8, II. 


Send folder featuring 90-RAM 


{) Send information about Special Super No. 25 RAMTITE 


) Please send a representative to discuss RAMTITE 


Title_ 


Zone State 


SEPTEMBER 
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Theme Tower 
Symbol of 
the 1960 


Metal Shou 


The experts see the val- 


ue of the 1960 Philadel- 
phia Metal Show — they 
know how stimulating it 


will be, and that’s why “The opportunity to at- 


they plan to attend. tend the Metal Show 
should be particularly 
rewarding this year with 
emphasis on the essen- the participation of many 


They know that a new 


“Rarely has a meeting The problem of keeping FE tial metals and mate- outstanding metal or- 
ganizations. | anticipate 
making and renewing 


meant so much to me as abreast of new develop 
thi one. Needless t ments in today’s rapidly rials, processes and 
techniques will make acquaintances with pro- 
the 1960 Show more fessional people who 

share my interest in met- 
valuable than ever be- allurgical matters. it is 
fore ...atruly dynamic also a worthwhile exper- 
ience to attend the pres- 
entation of carefully se- 
hibits and 250 techni- lected technical papers 


cal papers. Attendance and to participate in the 
resulting discussions.”’ 


say, itis a real privilege changing tect logy is 

to be able to participate always d cult. The Met 

in this nationally known , al Ss through its 
event, in the many ex audio sual presenta 
cellent papers to be tions of current advances 
given, the opportunities me 

blends and “ forum... some 300 ex- 
new. and to further our - age for those interestex ‘fq 


profession in metals engineering 
V. F. Zackay, Supervisor ane 

Physical Metallurgy Section R. F. Thomson, Head ment for you and your 

Metallurgy Department ! Metallurgical Engineering Dept e company! 

Scientific Laboratory Research Laboratories 

FORD MOTOR COMPANY GENERAL MOTORS CORP. CHRYSLER CORPORATION 


will be a sound invest- 


NATIONAL METAL CONGRESS and EXPOSITION 
Philadelphia Trade & Convention Center + October 17-21 


Sponsored by the AMERICAN SOCIETY FOR METALS Metals Park + Novelty, Ohio 


Cooperating Activities: The Metallurgical Society of AIME; industrial Heating Equip tA jation; Special Li- 
Society for Non-—destructive Testing, Inc. Associations pre- braries Association— Metals Division; American Society for 
senting technical sessions in cooperation with ~ ] t Metal Testing Materials—Committee B-9; and extensive research 
Powder Industries Federation; Metal Treating Institute; and engineering programs of the American Society for 


Ultrasonic Manufacturers’ Association; Metals, and Seminars. 
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ZSTALGRAMS 


« news about "Electromet" ferroalloys and metals 


SEPTEMBER 1960 


MORE ELECTROLYTIC MANGANESE -~ To meet the increasing demand for "*Elmang" 
electrolytic manganese metal, Union Carbide Metals has expanded its cell capacity 
by 20 per cent. Hence, a larger supply of this high-purity product (99.9 per cent 
miniowm manganese) is assured for additions to steel, copper, and aluminum. Also 
of interest: (1) The metal is now available in 50-lb. bags for convenient, accurate 
additions. (2) The 600-lb. drums of “"Elmang" manganese are now color-coded to allow 
easy identification of the regular, dehydrogenated, and nitrogen-bearing grades. 
Write for new specification sheet, F-20,151. 

+ 

ALLOYS FOR BASIC-OXYGEN STEELMAKING -- Interest has been focused on the 
basic-oxygen process because it can make high-quality steel rapidly and at low cost. 
Small accurate alloy additions can be made to the ladle of basic-oxygen heats with 
bagged alloys. Where large chromium and manganese additions are required, 
"Chromtemp" ferrochrome and "*Mantemp" ferromanganese can be added to the ladle. All 
these unit-weight packages allow precise analysis control. Also, furnace time is not 
required to dissolve the alloys in steel. Your UCM representative will be glad to give 
you further details. Also, write for the article, "0, Steelmaking," in the Spring 
issue of UNION CARBIDE METALS REVIEW. 


* + 
SILICON IN COPPER -- First developed in France in 1881, silicon bronze is 
growing rapidly as a corrosion-resistant material for vessels, tubing, marine and 
poleline hardware, and electrical conduit. Up to 3 per cent silicon provides 
strength and hardness. For such additions, Union Carbide Metals offers a low-aluminum 
Silicon metal. Since aluminum makes bronze sluggish in pouring, this special 
grade contains a maximum of 0.10 per cent aluminum. For further information, contact 
your UCM representative. Also, write for the article, "Silicon Strengthens Copper," 
in the Winter 1960 issue of UNION CARBIDE METALS REVIEW. 
SERVICE ON THE MOVE -- Every year, experienced metallurgists of UCM's 
Metallurgical Service Division travel tens of thousands of miles to customers’ 
plants. Their mission: to provide on-the-site help on the use of ferroalloys and 
alloying metals in melting. As an example, a Metallurgical Service representative 
worked with Electric Steel Foundry Company of Portland in evaluating the new fast- 
dissolving "Simplex" ferrochrome in stainless steel. The joint effort showed that 
5- to 7-minute savings in furnace time could be made per 2,000 1b. heat. For a picture 
story of this cooperative service, write for "Service on the Move" in the Winter 
1960 issue of UNION CARBIDE METALS REVIEW. 
HIGHER DUCTILITY WITH CALCIUM-SILICON -- Two Midwestern steel foundries 
recently obtained data on Grade B steel castings made with and without calcium- 


Silicon. In ome test of 91 production heats, all of the heats treated with calcium- 


Silicon and aluminum produced castings with satisfactory ductility. As a comparison, 


over 25 per cent of the heats deoxidized only with aluminum failed to meet 
reduction-in-area specifications. Im another test of 20 production heats, a 15 to 
20 per cent improvement in ductility (% RA) was reported. Further data can be 


obtained by writing for the article, “Calcium Improves Ductility of Steel Castings,” 
in the Summer 1960 issue of UNION CARBIDE METALS REVIEW. 
UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Ave., New York 17, N. ¥Y. Im Camada: Union Carbide Canada Ltd., Toronto. 


"Chromtemp," "Electromet," "Elmang," "“Mantemp," "Simplex," and 
"Union Carbide" are registerad trade marks of Union Carbide Corporation. 
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BOOKS 


(Continued from page 654) 


Questions of the Metallurgy and 
Physics of Semiconductors, edited by 
D. A. Petrov Morris D. Friedman 
Inc., 143 pp., no price quoted, 1960 
This translation from the Russian in- 
cludes 19 papers presented during a 
conference on the subject. They in- 
clude discussion of current problems 
methods of obtaining high-purity 
ilicon and single-crystal silicon with 
given electrical characteristic: 
chemical-compound 
alloy of bismuth-technetium 


semiconductors 


and cobalt-antimony systems 
vitreou emiconductor and 
mpurities and etches of germanium 


and silicon ° 


Design Information on 5Cr Alloy 


Steels for Aircraft and Missiles, by 
R. J. Favor and W. P. Achbach, De- 


fense Meta Information Center, 
tattelle Memorial Institute, 48 pp., 
$1.25, 1960—This volume presents 
metallurgical and manufacturing 
practic ind mechanical and physi- 
cal propertic of the forenamed 
teels. Elevated-temperature design 
urve n short-time ultimate tensile 
trength, tensile yield strength, com- 
prehensive yield strength, ultimate 
heat trengt! bearing ultimate 
trengtl ind bearing yield strength 
ire given. Typical stre train data 
re 

Order from the Office of Technical 
Ne ‘ Dept f Defense, Wa hing- 
ton 25. D. ising the code number 
PB 151072 


POWDER METALLURGIST for 


Physical Metallurgy of Precipitation- 
Hardenable Stainless Steels, by D. C 
Ludwigson and A. M. Hall, Defense 
Metals Information Center, Battelle 
Memorial! Institute, 73 pp., $2, 1960 
Three classes of steels—martensit 
types, semi-austenitic types, and aus- 
tenitic types—are separately treated 
herein. The present knowledge of the 
physical metallurgy of precipitation- 
hardenable stainless steels is sum- 
marized. In addition, the manner in 
which hardening mechanisms govern 
heat treatment and fabrication is dis- 
cussed Approximate mechanical 
properties are presented for illustra- 
tion. A review also is given of the 
classification of stainless steels 

Order PB 151067 from the Office 
of Technical Services Dept of De- 
fense, Washington 25, D.C 


The Structure of Aluminum-Silicon 
Alloys, by R. A. Meussner, US Naval 
Research Laboratory, 25 pp., $0.75, 
1960—-Morphologies of the normal 
(unmodified) aluminum-silicon al!- 
loys were examined by a variety of 
techniques. A chemical extraction 
process provided specimens of pri- 
mary and eutectic silicon particles 
as well as primary alpha dendrites 
for visual and X-ray examination 
Adaptation of two etching procedures 
permitted detailed study of the eu- 
tectic structure and growth charac- 
teristics of individual phases. Corre- 
lation of these microstructural char- 


acteristics with the forms of the ex- 
tracted phase particles was facili- 
tated by exposing the silicon phase 
in the microstructure to a deep elec- 
trolytic etch. Although the dendritic 
form of the primary alpha phase was 
found to be unaltered by changes in 
growth conditions, the form of the 
primary silicon phase was affected 
The usual complex idiomorphic form 
of the silicon phase was transformed 
to the dendritic form when growth 
occurred in super-saturated liquid 
Eutectic silicon plates dominate the 
eutectic transformation and, by 
branching, restrict growth of the eu- 
tectic alpha phase. This method of 
solidification produces fine eutectic 


(Continued on page 670) 


METALLURGISTS.- With to 4 years 


x r rese 
rog > be 
t ‘ Pr 
r ert 
property 
leve net fobr tior 


PHYSICISTS 


WELDING ENGINEERS 
Welding or MET degree and at least 5 yeors 
xperience in welding research. Will be respon 
ble for planning supervising and re porting 
research projects on metallurgical and physical 
phenomena in de veloping of improved welding 
methods for both aluminum and copper alloys 


PHYSICISTS OR METALLURGISTS 
Ph.D's of equivolent, for fundamental studies 
sf oxidation of aluminum and copper alloys 
300d bockground in semiconductor technology 
r metal physics required, together with good 
first-hand knowledge of the applicable ex 
perimental techniques. Some familiarity with 
aluminum or bross metallurgy is desirable Pre 
vious industrial research experience is not 
mondotory 


Send resume in confidence to 


275 Winchester Ave 
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FUNDAMENTAL RESEARCH OPPORTUNITIES 


CHEMISTS 
Offered by Our 


METALLURGICAL LABORATORIES 
A multi million-dollar facility, new and tully equipped, Aftording Challenging Opportunities in 
ALUMINUM, COPPER & BRASS, ond NUCLEAR FUELS 


R. PATTERSON, Selaried Employment Administrator 


OLIN MATHIESON CHEMICAL CORP. 


METALLURGISTS 


SURFACE CHEMISTS 
Fundamental surface chemico!l investigations 
involving application of electronoptics, ellip 
sometry, infra-red reflectance and other ap 
propriate aids. Applicants should be interested 
m research rather than engineering approoch 
A. Surface chemistry and physics of oxide 
films including adsorption electrochem 
ical kinetics, electrical ond optical struc 
ture and mechanism studies of metal 
finishing processes 

B. Chemistry of interaction of metol ond 
metal oxide surfaces with organic materials 
molten salts and other metals. Approach 
is mechanistic and aimed at understanding 
of factors affecting surface inter-action 

C. Investigation of chemical, electrochemical 
ond metallurgical factors influencing ki 
netics of metal corrosion processes, in 
vorious environments 


New Hoven, Conn. 


RESEARCH 
METALLURGIST 


VARIAN ASSOCIATES’ 
newly formed Central Research 
Laboratory needs a highly creative 
experimental Ph.D. to initiate work 
nn electronically active solid-state 
moterials, such as new compound 
semiconductors and ferrites. Train 
ing in Physical Metallurgy, crys 
tallography, physical chemistry, or 
lid-state physics would be of 
value, but experience and the field 
f training are less important than 
riginality, experimental ingenuity 


and enthusiasm for the subject 


VARIAN ASSOCIATES’ 

is located in the Stanford Univer 
sity area of Northern California 
and this position offers association 
with a highly research-minded 
growth company 


LIBERAL EMPLOYEE BENEFIT 
PROGRAM INCLUDES FREE LIFE, 
HOSPITAL, MEDICAL AND SUR- 
GICAL INSURANCE, PARTICIPA- 
TION IN COMPANY STOCK 
PURCHASE PLAN, RETIREMENT 
PLAN AND CASH PROFIT-SHAR- 
ING INCENTIVE PLAN. 


Interested applicants please od 
dress resumes fc 


J. A. Kaligren 


Employment Manager 


VARIAN 
ASSOCIATES 


611 Hansen Way Palo Alto 
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; Mr R M Per nne Director 
; 
‘| The Bery ym Corporatior 
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workhorse of the metals 
industry Molybdenum has found large use as 


an alloy for steel compositions that are employed in 
innumerable applications. Nitriding, stainless stecls, 
turbine shafts, gear steels, truck, tractor, automotive 
carburizing and parts—and so the list grows to hun- 
dreds of uses—in there because it is dependable—it 
delivers the physical properties. 

You add molybdenum to some steels because it adds 
anti-corrosion properties. It reduces temper brittle- 
ness, it raises the hardenability, it enhances the shock 
resistance, it increases the tensile properties—in short, 
it does most everything. 

When a tough steel job is considered, the first 
thought is how much molybdenum. It gives the metal- 
lurgist a comfortable feeling to know he has molyb- 
denum in the specification—and that the supply of it 
is here—at home. 

If you have a problem involving the use of moly, we 
invite you to come to headquarters for your solution. 
Expert metallurgists are yours for the asking. 


2 Gateway Center CORPORATION OF AMERICA Pittsburgh 22, Pa. 


Offices Pittsbure es, New York, Son Francisco 
Soles Representative ry Done » Co s Angeles, San Francisco 
Subsidiary Cleveland Tungsten Cleveland 


Plonts Washington rk, Po 
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OF THE METALLURGICAL SOCIETY OF AIME 


Recently Accepted TRANSACTIONS Papers 


The Reduction of the Iron Values of Ilmenite to Metallic Iron at Less than Slagging Temperatures, by R. H. Walsh, 
H. W. Hockin, D. R. Brandt, P. L. Dietz, and P. R. Girardot (ISD) 

The Preparation and Properties of Barium, Barium Telluride and Barium Selenide, by Edward Miller, Kurt Koma- 
rek and Irving Cadoff (EMD-IMD) 

The Effect of Phosphorus on the Deformation and Fracture Characteristics of Iron from 1600° to 2200°F, by Rolf 
Nordheim, Thomas B. King, and Nicholas J. Grant (ISD) 

Hardening of Internal Oxidation as a Function of Velocity of the Oxidation Boundary, by J. L. Meijering (IMD) 

Surface Tension and Contact Angles of Copper-Nickel Alloys on Titanium Carbide, by T. J. Whalen and M. Humenik, 
Jr. (IMD) 

Self-Diffusion in Alpha Iron, by Richard J. Borg and C. Ernest Birchenall (IMD) 

Elevated Temperature Properties of Lithium Fluoride and Magnesium Oxide Single Crystals, by W. L. Phillips, Jr 
(IMD) 

Recovery Properties of Lithium Fluoride Single Crystals, by W. L. Phillips, Jr. (IMD) 

The Application of Ultrasonic Energy to Ingot Solidification—Part I, by D. H. Lane, J. W. Cunningham, and W. A 
Tiller (IMD) 

The Application of Ultrasonic Energy to Ingot Solidification—Part I, by D. Lane and W. A. Tiller (IMD) 

Some High-Temperature Properties of Copper-Zirconium and Copper-Chromium High-Conductivity Alloys, by Matti 
J. Saarivirta and Pierre P. Taubenblat (IMD) 

Stability Relations of Calcium Ferrites: Phase Equilibria in the System 2CaO-Fe.0,-FeO Fe.0,-Fe.0O, Above 1135°C, 
by Bert Phillips and Arnulf Muan (ISD) 

Growth of (110) [001] Oriented Grains in High-Purity Silicon Iron—A Unique Form of Secondary Recrystallization, 
by J. L. Walter and C. G. Dunn (IMD) 

The Diffusivity of Hydrogen in «-Iron, by E. W. Johnson and M. L. Hill (IMD) 

A Further Study of Ti.Ni-Type Phases Containing Titanium, Zirconium or Hafnium, by M. V. Nevitt, J. W. Downey, 
and R. A. Morris (IMD) 

intragranular Precipitation of Intermetallic Compounds in Complex Austenitic Alloys, by H. J. Beattie, Jr. and W 
C. Hage! (IMD) 

The Solubility of Nitrogen in Liquid Fe-Cr-Ni Alloys, by J. Humbert and J. F. Elliott (ISD) 

Solubility of Nitrogen in Liquid Iron Alloys I. Thermodynamics, by Robert D. Pehlke and John F. Elliott (ISD) 

Solubility of Nitrogen in Molten Iron-Manganese Alloys, by Sylvan Z. Beer (ISD) 

Recrystallization of Cold Drawn Sintered Aluminum Powder, by E. J. Westerman and F. V. Lene! (IMD) 

Diffusion in the Iron-Chromium System, by H. W. Paxton and T. Kunitake (IMD) 

Resistance Apparatus for the Continuous Measurement of Fine Wire Uniformity, by A. I. Michaels, T. L. Weaver, 
and R. C. Nelson (IMD) 

Purification Reactions of Tantalum During Vacuum Sintering, by W. D. Klopp, D. J. Maykuth, H. R. Ogden, and R. I 
Jaffee EMD 

Self-Diffusion of Copper in Molten Copper, by John Henderson and Ling Yang (EMD) 

Self-Diffusion of Aluminum in CaOQ-SiO,.-ALO, Melts, by John Henderson, Ling Yang, and G. Derge (ISD) 

End-Point Temperature Control of the Basic Oxygen Furnace, by W. J. Slatosky (ISD) 

Precision Lattice Parameter Determinations of Zirconium-Oxygen Solid Solutions, by Barry D. Lichter (IMD) 

Investigation of Bessemer Converter Smoke Control, by A. R. Orban, J. D. Hummel! and R. B. Engdah! (ISD) 

Strain Aging in Ag Base Al Alloys, by A. A. Hendrickson and M. E. Fine (IMD) 

A Metallographic Study of Precipitation of Copper from Alpha Iron, by E. Hornbogen and R. C. Glenn (IMD) 

The Aging Characteristics of Cu-Ti, by G. T. Murray (IMD) 

Room Temperature Deformation and Fracture Characteristics of Lithium Fluoride Single Crystals, by W. L. Phil- 
lips, Jr. (IMD) 

The Effect of Dilute Transition Element Additions on the Recrystallization of Iron, by E. P. Abrahamson, II and B 
S Blake ney, Jr { IMD) 

The Use of Heat- and Mass-Transfer Model Studies in the Evaluation of the Rates of Deposition of Metals in Com- 
plex Systems, by G. H. Kesler, J. H. Oxley, and C. E. Dryden (EMD) 

The Iron-Carbon-Sulfur System from 1149°C to 1427°C, by Albert M. Barloga, Keith R. Bock, and Norman Parlee 
(ISD) 

Heterogeneous Nucleation in the Liquid-to-Solid Transformation in Alloys, by B. E. Sundquist and L. F. Mondolfo 
(IMD) 

Effect of Structure and Purity on the Mechanical Properties of Columbium, by A. L. Mincher and W. F. Sheely (IMD) 

Thermal Diffusivity of Armco Iron, by G. D. Cody, B. Abeles, and D. S. Beers (IMD) 


660—JOURNAL OF METALS, SEPTEMBER 1960 


> 
| 
a 
a 
mat 
|. 
| 
| 
| 
ie 
i 
/ 
=> 


personals 


Richard A. Swalin has been pro- 
moted from associate professor to 
professor in the University of Min- 
nesota’s Department of Metallurgy 
He also has been appointed a direc- 
tor of Baker Engineering Corp., Min- 
neapolis. 


Clyde B. Jenni has been selected to 
deliver the Steel Founders’ Society 
of America’s exchange lecture be- 
fore the British Steel Castings Re- 
search Association in England this 
fall. 

Mr. Jenni is director of research 
and chief metallurgist at the Eddy- 
stone, Pa., plant of General Steel 
Castings Corp. He also is 1960-1961 
Chairman of the Eastern section, 
National Open Hearth Steel Com- 
mittee. Mr. Jenni received’ the 
SFSA's Technical and Operating 
Medal this year for his contributions 
to the steel castings industry. The 
title of the lecture, to be delivered in 
Harrogate, England, Oct. 20th, will 
be Technical Control in Steel Foun- 
dries in North America. 


Lars Ekholm is now vice president 
of Eastern operations for the Climax 
Molybdenum Co., div. of American 
Metal Climax Inc. He will be re- 
sponsible for the production of 
molybdenum products. Mr. Ekholm 
formerly was general sales manager 
of Climax Molybdenum Co 


John Zotos has been appointed as- 
sistant professor in the Department 
of Mechanical Engineering, North- 
eastern University (Boston). He pre- 
viously was assistant chief of the 
Watertown Arsenal Rodman Lab- 
oratory’s Experimental Foundry 
Branch. Mr. Zotos is on the Iron 
and Steel Division's Physical Chem- 
istry of Steelmaking Committee. 


Bernard R. Queneau has received an 
award of nearly $2000 for his part 
in a process for nucleating steel in- 
gots, now patented by U.S. Steel 
Corp. Sharing in the award with a 
similar check was Dennis J. Carney. 
Dr. Queneau is assistant manager 
of metallurgy—inspection and re- 
search, U.S. Steel’s Tennessee Coal 
& Iron div. Dr. Carney is assistant 
general superintendent, Homestead 
District works, Homestead, Pa 


P. L. Schereschewsky is in Singapore 
on a United Nations Technical As- 
sistance Organization assignment to 
investigate the feasibility of estab- 
lishing an iron and steel industry 


there. Mr. Schereschewsky is a re 
presentative of Public Utilities of 
France, based in Washington, D.C 


William P. Bittenbender is now di- 
rector of international operations for 
the Sun Chemical Corp 


Davis S. Fields, Jr., has joined the 
Department of Mining and Metallur 
gical Engineering, University of 
Kentucky. Dr. Fields formerly was 
with the Alcoa Research Labora- 
tories 

William O. Harms, formerly associ- 
ate professor, University of Ten- 
nessee, has been appointed to the 
staff of the Oak Ridge National 
Laboratory 


Feild, Jr., is now a 
senior engineer in the Astronuclear 
Laboratory, Westinghouse Electric 
Corp., Pittsburgh. Mr. Feild pre- 
viously was a research associate for 
Universal-Cyclops Steel Corp 


Alexander L. 


George Havas has been appointed 
vice president and director of engi- 
neering, Kaiser Industries Corp. He 
has been associated with Kaiser com- 
panies since 1928; his last previous 
position was as general manager of 
the Henry J. Kaiser Co.'s Heavy 
Construction div 


Roy S. Jamison has gone to Norwalk 
Powdered Metals Inc. as a vice pres- 
ident. He was sales engineering man- 
ager of the Hoeganaes Sponge Iron 
Corp. 


Fred B. O'Mara is now vice pres- 
ident—production, National Carbon 
Co., div. of Union Carbide Corp. He 
had been director of manufacturing 
for National Carbon since early this 
year. 


Oscar Pearson has become execu- 
tive vice president of U.S. Steel's 
Tennessee Coal & Iron div. His most 
recent post was that of administra- 
tive vice president—steel producing 
divisions 


Roydon S. Pratt has been named 
technical and research director, 
Bridgeport Brass Co. With Bridge- 
port Brass since 1920, Mr. Pratt most 
recently held the title of staff tech- 
nical director 


Lowell Steinbrenner is now a de- 
velopment engineer for the Youngs- 
town and Louisville, Ohio, plants of 
Jones & Laughlin Steel Corp.'s 
Stainless and Strip div. He formerly 
was a research engineer in the Stain- 
less Steel section, J&L’s Graham 
Research Laboratories 


Roger M. Wolcott also is involved 
in a J&L change. He becomes direc- 
tor of production planning programs 
for the Corp. He will coordinate J&L 
programs in production planning 
order processing, and inventory con- 
trol. 


a new book 


of special interest to the 
nuclear metallurgist .. . 


published under the sponsorship of 
The Metallurgical Society of AIME 


Extractive and 
Physical Metallurgy 
of Plutonium 

and its Alloys 


The Proceedings of a Technical Sym 
posium sponsored by the Nuclear 
Metallurgy Committee of the Insti- 
tute of Metals Division, and the Ti 
tonium, Uranium, and Uncommon 
Metals Committee of the Extractive 
Metallurgy Division, The Metallurgical 
Society of AIME. San Francisco, Feb 
ruory 16-17, 1959 
Edited by W. D. WILKINSON, 
Argonne National Laboratory 
The addition to these Proceedings 
of an introductory chapter on the 
metallurgy of plutonium and of an 
extensive annotated bibliography has 
made this volume of even greater 
value to metallurgists working in this 
particularly important field. Mr. Wil 
kinson both edited the Proceedings 
and provided the new material 


CONTENTS 


Introduction to 
Plutonium Met 
ollurgy 


EXTRACTIVE 
METALLURGY 


@ Alternative 

Routes for 

the 

Conversion 

of Plutonium 

Salts to 

Metal ond 

Their 

Recovery 

Problems 

Calcium 

Reduction 

of Plutonium 

Halides to 

Metal 

Preparation of Metallic Plutonium 

Distribution of Plutonium and Se 

lected impurity Elements between Ni 

trate Solutions and Tri-n-buty! Phos 

phate 

The Preperation of Plutonium Halides 

for Fused Solt Studies 

Remove! of Fission Product 

from Plutonium by Liquidation 
PHYSICAL METALLURGY 
Some Principles of the 
havior of Plutonium 
The Plutonium-Cerium Diogrom 
Plutonium-Zinc Phase Diagram 
Metallography of Alpha Plutonium 
The Etching of Plutonium and its Alloys 
by Cathodic Bombardment 
A Study of the Transformation Kinetics 
of Alpha, Beta, and Gamma Plutonium 
Some Experiments in Zone Refining 
Plutonium 
Behavior of Some Delto-Sotilized Plu 
tonium Alloys at High Pressure 
Annotated Bibliography 

324 poges, illustrated $10.50 


through your book seller or 


INTERSCIENCE 


PUBLISHERS 
250 Fifth Avenue, New York | 


Elements 


Alloying Be 
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LECTRODE’S HIDDEN 
VALUES 
UCING MELT-TON COSTS 


One electrode looks much like 
another—yet one will do the job 
economically while another can be 

the cause of costly trouble. Efficient 
performance and reduction of down-time 
are directly related to an 

electrode’s hidden values. 


These values grow out of unceasing research that leads to 
steady product improvement — out of the unwavering control 
of quality—and out of customer service that renders 
immediate assistance in overcoming abnormal operating problems. 


Such hidden values find further expression in the 
substantial inventories maintained for customer convenience— 
in the rapidity of shipment and delivery —and in the integrity 
of the maker in providing products that can be fully trusted. 


These are the values you get in full measure —in addition 
to the intrinsic merit of the product—when you specify 
GLC electrodes. 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N. Y, 
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New nozzle technique developed 

Plasmadyne Corp., Santa Ana, Calif 
and Electroform Corp. of Los Angeles 
have developed a new technique which 
allows production quantities of rocket 
nozzles with throat dimensions to ex- 
tremely close tolerances at considerable 
cost reduction 

The lining of the nozzle is plasma jet 
sprayed onto a rapidly spinning mandrel 
manufactured to the desired tolerance 
Once the lining is deposited to the desired 
thickness, back-up layers of support met- 
als can be electroformed to the liner and 
the mandrel can then be leached out of 
the finished nozzle 

The first test nozzle produced was 
formed on a mandre! sprayed with a 0.030 
in. thick lining of tungsten followed by 
a 0.100 in. layer of electrodeposited nickel 
onto the liner to act as support; and then 
chrome flashed the exterior. The mandrel 
was etched out with a solution of sodium 
hydroxide 


Larger Mo ingots 

Refractomet div. of Universal-Cyclops 
Steel Corp., Bridgeville, Pa. has an- 
nounced successful melting of a large arc- 
cast molybdenum ingot. The ingot, 17 in 
in diam and 69 in. in length, weighed 
5,000 Ib. A _ significant increase in the 
size of finished forgings will be possible 
with the larger forging billet diameters 

Climax Molybdenum Co., a division of 
American Metal Climax Inc., is producing 
ingots containing 85 pct W and 15 pect 
Mo in sizes up to 11 in. in diam. The pro- 
duct is reportedly the only full-density 
alloy available in such large sizes that 
will withstand temperatures over 5500°F 


England's first LD Steel 

Britain's first steelmaking converter to 
use the LD process is in full three-shift 
operation at the Ebbw Vale works of 
Richard Thomas & Baldwins. The vessel 
has a capacity of 30 tons, and includes 
provision for the injection of powered 
lime through the oxygen lance 


Electron beam welding Mo and W 

Hamilton Standard, a division of United 
Aircraft Corp. has been awarded an Air 
Force contract to study welding of molyb- 
denum and tungsten by electron beam. 
Hamilton Standard holds North American 
rights to electron-beam welding and cut- 
ting equipment developed by the Carl 
Zeiss Foundation of West Germany 

Both molybdenum and tungsten are dif- 
ficult to weld by normal techniques. Under 
high welding heats—5000° to 6000°F 
they tend to become brittle. Unless heat 
is confined to the immediate weld, which 
is almost impossible with conventional 
techniques, there is serious loss of the 
metals strength 

In the Hamilton-Zeiss machine, the 
-lectron welding beam can be focused on 
a spot less than 0.001 in. in diam. Hamilton 
will test butt, lap, seam, edge, and spot 
welds in sheets of tungsten and molyb- 
denum ranging in thickness from 0.005 to 
0.1 in 


Aluminium develops new process 

Aluminium Limited plans the construc- 
tion of new facilities at Arvida, Que., 
Canada, for the production of aluminum 
by a basically new process, Nathanael V 
Davis, president, has announced. 

Mr. Davis said, “The process has been 
under development for some _ years 
through the laboratory and pilot plant 
stages. It employs, as its principal raw 
material, bauxite of roughly similar 
grades to that required by the conven- 
tional process. The new process does not 
appreciably reduce the large power re- 
quirement which is an outstanding charac- 
teristic of the conventional process. It 
does, however, give promise of substan- 
tial savings in other elements of produc- 
tion cost and in the investment required 
per ton of capacity.” 

Unofficial sources, with no confirmation 
by the company, suggest that the Canadian 
company will use a production method 
that will convert bauxite directly into 
aluminum—bypassing the alumina stage 
altogether. This would represent the first 
revolutionary development in aluminum 
since perfection of the Hall process 

The new facilities, designed as an ex- 
periment unit, will have a capacity of 6000 
to 8000 tons of aluminum per year and 
are expected to be in operation within 
two years. The new plant will cost about 
$4 million 


Atlas tests uranium-steel 


Atlas Steels Ltd., Welland, Ont., Canada 
has been test-rolling heavy ingots of 
uranium-steel alloy. Reportedly, the plate 
confirms earlier tests made of the alloy’s 
two properties: corrosion and fatigue re- 
sistance 

The Canadian federal mines laboratories 
inaugurated the test on the theory that 
uranium might be used to improve steel’s 
qualities, as well as provide a market 
for Canada’s abundant uranium supplies 

Initial experiments involved the use of 
from 1 to 4 lb of uranium per ton of steel 


Union Carbide studies alloys 


Union Carbide Metals Co., in cooperation 
with the Air Force, is undertaking a pro- 
gram to accumulate the necessary back- 
ground information on refractory metals 
for the development of a columbium-tung- 
sten-tantalum alloy applicable at tempera- 
tures up to 3500°F. The program will be 
carried out in three phases covering the 
effect of interstitials, strengthening mech- 
anisms, and oxidation characteristics 

The first phase will concern the effect of 
interstitial impurity elements on mechan- 
ical properties of refractory metals as a 
class; the second phase will cover high- 
temperature strengthening mechanisms 
for refractory metals including alloying, 
dispersion hardening, and solid solution 
strengthening; and the third phase will be 
a study of oxidation behavior in the tem- 
perature range of 2000° to 3000°F. Partic- 
ular attention will be directed to the 
columbium- and tantalum-base alloys 
which show maximum oxidation resis- 
tance 
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Vanadium-Columbium alloys studied 

Vanadium-base alloys containing 20 to 
50 pet Cb display good high-temperature 
strength, good corrosion-resistance in both 
oxidizing and reducing environments, and 
fabricability by conventional hot-working 
techniques in air, according to a recent 
report by Dr. S. T. Wlodek, research met- 
allurgist at the laboratories of Union Car- 
bide Metals Co 

He found that in the warm-worked 
condition vanadium-columbium _ alloys 
have ultimate tensile strengths of 120,000 
to 35,000 psi over the temperature range 
of 700° to 1000°C and stress-rupture prop- 
erties at 700°C corresponding to 100-hr 
life at stresses in excess of 100,000 psi 

Both the aqueous corrosion resistance 
and oxidation resistance of the alloys 
were also considerably higher than those 
of pure vanadium. Maximum oxidation 
resistance is obtained by titanium and 
aluminum additions 


OLP process in Europe 

The OLP process for top blowing with 
oxygen and powdered lime is now unde! 
intensive development in Europe. At Dil- 
lingen in the Saar, a 30-ton converter is 
in industrial use on high-phosphorous 
iron. At Usinor’s plant in Denain in 
France, a 60-ton OLP converter is start- 
ing in the autumn, and a second one of the 
same capacity will start at the end of the 
year. The Dunkirk plant, now under con- 
struction, will also use the OLP on its 
140-ton converter. The process is de- 
scribed in detail in the July 1958 issue of 
JOURNAL OF METALS. 


New generator for satellites 


A compact, lightweight generator which 
can convert heat from cerium-144, a by- 
product of nuclear reactors, into electric- 
ity, is being prepared for testing by the 
Martin Co. of Baltimore. The generator 
will power advanced satellites and space 
probes for at least a year 

The generator’s outer shell is aluminum 
with an inner liner of stainless steel 
The core is built mainly of Inconel X. In 
the tests, the generator will contain 4000 
lb of mercury, which would be omitted in 
space operation, bringing the flight weight 
down to about 175 lb. The fuel capsule, 
containing tightly-sealed pellets of radio- 
active cerium-144, is located at the center 
of the generator, supported by light tub- 
ing 

Roughly egg-shaped, the generator is 
34 in. long and 24 in. in diam. Most of its 
surface is dotted with screw headed caps 
marking the location of 277 thermo- 
couples. These thermocouples are con- 
nected in series to add up to 125 w at 28 
y 


USBM announces new program 


As part of a continuing cooperative 
project with the Atomic Energy Commis- 
sion, scientists of the Bureau of Mines will 
seek uses for depleted uranium, material 
from which most of the fissionable iso- 
tope, U-235, has been extracted. Research 
at the Rolla, Mo., Metallurgy Research 
Center has shown that depleted uranium 
added to steel makes a high-strength alloy 
and that it also can improve the quality 


of bearing metals. Technologists at Bruce- 
ton, Pa. are working to develop a depleted 
uranium catalyst that can minimize at- 
mospheric pollution from automobile ex- 
haust gases 

Bureau metallurgists at Salt Lake City 
will experiment with combined chemical 
and physical upgrading processes for low- 
grade and complex uranium ores 

Studies to develop techniques and 
methods for electrowinning and electro- 
refining of uranium metal will be contin- 
ued at the Bureau's Reno, Nev., Metal- 
lurgy Research Center and at its Boulder 
City, Nev., Metallurgy Research Labora- 
tory 


Germanium: The Department of Interior 
has announced that the Bureau of Mines 
has begun a research program on germa- 
nium, one of the major semiconductor 
materials of the electronics industry. The 
program will include the development of 
simpler methods for detecting germanium 
and investigations of the economic re- 
covery of germanium from coal fly-ash 
Although germanium is a minor constitu- 
ent of coal, efforts to recover germanium 
in commercial quantities from this source 
have not been successful. In the US, ger- 
manium is obtained solely as a byproduct 
of base-metal processing 

The Bureau's program was prompted by 
the growing dependence on foreign 
sources and the increased use of germa- 
nium. The research program will be car- 
ried out at the Bureau’s Rolla, Mo., and 
Bartlesville, Okla. installations 


Rare-earths: Research projects in the 
field of rare-earth metals will include ex- 
traction and separation, physical metal- 
jurgy, and fused-salt electrowinning of 
the light and heavy sub-groups of the 
rare-earth elements Spectrochemical, 
fluorescent X-ray spectrography, and 
radio-chemical techniques will have roles 
in the research 

Projects at the Bureau's Metallurgy Re- 
search Center, Reno, Nev., will include 
physical processing methods, solvent ex- 
traction, ion exchange, and other chemical 
methods of recovering rare-earth elements 
and yttrium from ores, concentrates, plant 
residues, and wastes. The Bureau will also 
emphasize the fused-salt electrowinning 
method in search of continuous production 
of higher purity rare-earth metais 


Tellurium: A promising metal for the 
field of thermoelectricity, tellurium is the 
object of intensified research now under 
way at the Bureau's installations in Salt 
Lake City, Utah, and Spokane, Wash. The 
program includes a wide search for new 
domestic sources of tellurium 


Boron preparation: Old and new tech- 
niques for preparing boron will be investi- 
gated at the Metallurgy Research Center 
in Albany, Ore. Reduction of boron halides 
with active metals and also the electrol- 
ysis of baths containing boron halides in 
various organic solvents will be studied 

Research on purification and processing 
will cover sintering boron samples in 
vacuum induction furnaces, electric-arc 
melting of boron in vacuum or inert at- 
mospheres, electron bombardment, and 
new and promising purification techniques 
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One ota series 
| 
The Case for the Terrestrial Traveler 
= 
Figure that every thirteen seconds American drivers motor 238,000 
| miles —the distance to the moon. Increasing the efficiency, comfort, and 
1 | ogee safety of this incredible private transportation system (60 million 
x iM ee cars!) is a top project goal of the General Motors Research Laboratories. 
. . > 
From this sizable R & D program have already come a number of 
5 oe fe: experimental controls and driver aids now being evaluated in the field. 
. wf Vew ways of supplying drivers with traffic and road information — 
v E- electronic edge-of-road detectors: communication systems for giving 
drivers audible road and emergency information. 
Simplified driver controls — Unicontrol. a servo system in which the 
; driver steers, accelerates, and brakes his car with a single control stick. 
Tested methods of automatic vehicle control — refined computers and 
electro-hydraulie servomechanisms that automatically guide cars and 
iF control their speed and spacing. 
| Underlying these developments are a continuing series of fundamental 
Ags studies. In vehicle dynamics research: investigations of the effect of tire 
properties, suspension geometry, mass distribution, springs and 


f dampers on the ride and handling characteristics of cars. In human 
factors research: experiments to determine the perception and 
response of drivers to various traffic situations using different 


car control systems. 


At GM Research, we believe such fresh approaches will improve 


ear-driver compatibility, providing additional convenience and 
enjoyment for tomorrow's terrestrial traveler. 


General Motors Research Laboratories 
Warren, Michigan 


Car pickup coils and road wiring 
used for guidance and speed con- 
trol in one experimental automatic 
highway system under study. 
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LITERATURE 


& Concise Iron and Steel Dictionary 
is the title of a 110-pp. English- 
Russian, Russian-English reference 
work available free. In addition to 
covering the main iron and steel- 
making expressions, particular at- 
tention is paid to the terms connected 
with the continuous casting of steel 


Besides the vocabulary itself, there 
is a brief history in English of the 
development of the continuous cast- 
ing process. A chapter in Russian 
reviews developments in the UK 
since the process was first patented 
Maps of the UK and of the USSR 
show the location of continuous cast- 
ing plants in relation to the rest of 
the industry and its raw materials 
resources. Diagrams with bilingual 
text illustrate the actual process and 
plant 


Write the Information Office, Brit- 
ish Iron and Steel Federation, Stee! 
House, Tothill Street, London, S.W.1 


The Carborundum Metals Co.'s 
Zirconium Information Center is 
offering a free Zirconium Data File. 
It gives charts, pictures, tables, and 
graphs on production of zirconium 
and hafnium; wrought products; cor- 
rosion-resistant applications; fabri- 
cation; electroplating; powder metal- 
lurgy; etc 


For copies, write the Zirconium 
Information Center, Carborundum 
Metals Co., Akron, N. Y. 


® Speer Carbon Co. is giving away 
an 8-pp. booklet on carbon and 
graphite products. The booklet in- 
cludes data on the mechanical, chem- 
ical, and electrical properties of 
carbon and graphite. Charts, graphs 
dimensional diagrams, and illustra- 
tions are included 


Write Merle Lecker, Speer Carbon 
Co., St. Marys, Pa 


& A revised edition of Recom- 
mended Practices for Metallizing 
Shafts or Similar Objects has been 
published by the American Welding 
Society 


A new section has been introduced 
which deals with Surface Prepara- 
tion for Metallizing. Most of the other 
material has been up-dated 


Copies of the 32-pp. booklet are 
available for $1 from the American 
Welding Society, Dept. 7, 33 West 
39th St.. New York 18, N. Y 


education 


MAGNESIUM AND ITS ALLOYS 


By C. SHeLpon Roserts, Fairchild Semiconductor Corp. A bal- 
anced picture of scientific principles and technological know-how 
involved in the fabrication and use of magnesium. Covers extrac- 
tion, refining, casting, and chemical and physical properties. 
One of the Wiley Series on the Science and Technology of Ma- 
terials, J. H. Hollomon, Advisory Editor. 1960. 230 pages. $9.00 


RADIATION PYROMETRY AND ITS UNDERLYING 
PRINCIPLES OF RADIANT HEAT TRANSFER 


By T. R. Harrison, Brown Instruments Div., Minneapolis-Honey- 
well Regulator Co. Covers three major areas: 1) theory; 2) prin- 
ciples; 3) details on construction and operation of instruments. 
1960. 234 pages. $12.00 


NON-CRYSTALLINE SOLIDS 

Edited by V. D. Frecuetre, State University of New York, with 
an Editorial Committee of five. Records results of a conference 
on current progress in defining and identifying amorphous struc- 
tures, and assessing methods of investigation and results so far 
obtained. 1960. 536 pages. $15.00 


THERMOELECTRICITY 


Edited by Paut H. Eau, U. S. Naval Research Laboratory. Four 
sections cover: a broad survey of basic concepts; the physics of 
thermoelectric performance; important problems in thermo- 
electric research; and the relative merits of static and transient 
methods of measuring thermal conductivity. Includes a synthesis 
by Dr. Egli of the ideas in the main body of the book. 1960. Ap- 
prox. 416 pages. Prob. $10.00 


SURFACE EFFECTS ON SPACECRAFT MATERIALS 
Edited by F. J. Clauss, Lockheed Aircraft Corp. Records a sym- 
posium sponsored by Lockheed and the U.S. Air Force, in 1959 
it includes methods for calculating required characteristics, avail- 
able materials, laboratory techniques for measuring radiation 
characteristics, and effects of space environment on behavior of 
materials. 1960. 404 pages. $11.50 


DYNAMIC BEHAVIOR 
OF THERMOELECTRIC DEVICES 


By Paut E. Gray, I.T. Explores small-signal dynamic behavior 
of thermoelectric heat pumps and generators. This approach 
permits analysis of linear models describing behavior of these 
devices. Then, these analyses give a number of small-signal 
transfer functions for use in computing response of devices in 
either freqency- or time-domain. A Technology Press Research 
Monograph, M.1.T. 1960. 136 pages. $3.50 


PROPERTIES AND STRUCTURE OF POLYMERS 


Elucidated by Stress Relaxation Studies 

By Artuur V. Topotsky, Princeton University. Reduces the 
seemingly complex physical properties of polymers to easily- 
understood generalizations. It also shows how the study of me- 
chanical behavior of polymers can be used to solve problems in 
polymer chemistry. 1960. 331 pages. $14.50 

PROGRESS IN SEMICONDUCTORS, vei iv 


Edited by A. F. Grsson, R. E. Burcess, and F. A. Krocenr. 1960. 
292 pages. $10.50 


SEND NOW FOR ON-APPROVAL COPIES 


JOHN WILEY & SONS, Inc. 
440 PARK AVENUE SOUTH NEW YORK 16, N. Y. 
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to the editor 


Smelting Wet Concentrates 
Subject: Smelting Practice at Nor- 
anda and Gaspe, by J. N. Anderson, 
Noranda Mines, Ltd., p. 482, June, 
Journal of Metals 

I have not seen nor read Jack An- 
derson’s paper, as I live in Arizona 

However, quote: “Although Nor- 
anda has set many fine records in 
the smelting of hot calcines, the 
newest reverberatory furnace re- 
ceives wet concentrates.” Unquote 

From the way this sentence is 
phrased, one would think that Nor- 
anda men never had designed a re- 
verberatory furnace which would 
smelt wet concentrates. Just to set 
the record straight, the San Manue! 
reverberatory furnace at San Man- 
uel, Ariz., was designed by me and 
put into operation January 1956—the 
first reverberatory furnace in the 
US with magnesite suspended roof 
for smelting wet copper ores and wet 
concentrates. It has been running 
ever since, except when there was 
a strike, and I believe it has smelted 
more tons of wet charge per day 


Extends high temperature range than any other reverberatory furnace 
in Canada or the US 
W. B. Boggs 


Improves physical properties Tucson, Ariz 


The paper Smeiting Practice at Noranda 
Yttrium metal used as an alloying agent in ferrous nd Game. ty J. Andersen of 
¥ Mines, Ltd was presented during the In- 
7 alloys materially improves oxidation resistance at ele- ternational Symposium on the Extractive 
, Metallurgy of Copper, Nickel, and Cobalt 

vated temperatures, as well as ductility and grain re- the proceedings of which will be published 
later this year by Interscience Publishers 

finement. For instance: Inc. Ed.] 


© 1% yttrium added to type 446 stainless steel provides the same 


bat oxidation resistance at 2500° F. as type 446 steel without yttrium 
THE ENGINEERING INDEX 
if @ 1% yttrium added to chromium-base alloys develops an unusual Here is a guide to the current 
resistance to nitriding, improves fine-grain structure and physical technological literature of the 
Bt, properties. world. More than 1500 bulle- 
@ Yitrium added to vanadium lowers the hardness from 221 (DPH) to tins, reports, transactions, and 
‘i 153 (OPH), permits working or forming the alloy at room tempero- periodicals are reviewed and 
oad ture. An yttrium content of 0.5% — 2% allows cold-rolling to thin abstracted to supply engineers 
| strips (with only slight edge roughness). with up-to-the-minute devel- 
‘ opments in their respective 
Michigan Chemical can now supply commercial and feide of interest. Information 
developmental quantities of yttrium metal and other on arange of 249 subject divi- 


sions is classified on 3 x 5 in 
mation, write to our Rare Earths and Thorium Divi- 
sion, Saint Louis, Michigan. in the form of daily and weekly 
reports 

You can choose as much or 
little of the service as you need, 
at a cost to fit your budget 


For a free 16 pp. catalogue 
MICHIGAN CHEMICAL listing divisions, prices, and 
CORPORATION additional information, write 


The Engineering Index, 29 W. 
39th St., New York 18 


rare earth metals from inventory. For further infor- 


x 


RARE EARTHS AND THORIUM DIVISION 


686 North Bankson Street, Saint Louis, Michigan 
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editorial 


Into the Season’s Meetings 


Approaching the beginning of the annual meeting 
season, we can again look forward to a rich harvest of 
information-filled meetings provided for The Metallur- 
gical Society members by various hard-working pro- 
gram chairmen. 

First to come up is the Rocky Mountain Minerals 

Conference on Oct. 5-7 in Salt Lake City. The confer- 
ence will offer papers on fused salt electrolysis, reagent 
system design, rock mechanics, and undersea mining. 
" Next is the Fall Meeting of The Metallurgical Society 
in Philadelphia Oct. 17-20. One of the features of the 
meeting will be a symposium on Metallurgy in the Army 
(see page 708-709 ). 

The AIME Electric Furnace Conference, to be held 
in Chicago Nov. 30-Dec. 2, will offer technical sessions 
on such subjects as non-metallic inclusions in steel, 
factors in improving steel quality, some developments 
in steelmaking processes, and refining metal in air in- 
duction melting. 

On Jan. 18, 1961, a Conference on Bar and Shaped 
Products, sponsored by the Mechanical Working Com- 
mittee of The Metallurgical Society will be held in Pitts- 
burgh. At the morning session, papers dealing with sur- 
face preparation and rolling of primary products will be 
presented. The afternoon session will feature the pre- 
sentation of papers on metallurgical factors in rolling 
blooms and billets. 

The AIME Annual Meeting will take place in St. 
Louis, Feb, 26-Mar. 2. One of the special features of the 
meeting will be a symposium on Metallurgy in the Air 
Force. The Howe Memorial Lecture of the [ron and 
Steel Division will be presented in addition to the an- 
nual lectures of the Institute of Metals Division and the 
Extractive Metallurgy Division. 

On Apr. 10-12, 1961, the 44th National Open Hearth 
Steel Conference and Blast Furnace, Coke Oven, and 
Raw Materials Conference will be held in Philadelphia. 

Philadelphia will also be the site of the International 
Symposium on Agglomeration which will be held on 
Apr. 12-14, 1961. The Symposium will deal with sinter- 
ing, pelletizing, nodulizing, briquetting, powder metal- 
lurgy, ceramic bonding, and related processes. 

There are, in addition, a host of local section and re- 
gional meetings, too numerous to mention here. We 
hope to see you at some of them as well as the major 
national meetings here listed—each will be an outstand- 
ingevent. WEL 
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hydrogen em- the better control of composition, and 


BOOKS temper brittleness 
brittlement influence of compo- the modifications of ccomposition 


(Continued on page 658) sition on brittle fracture ductile- achieved by vacuum-induction melt- 

: to-brittle transition stress-cor- ing have lead to improved stress- 

colonies in this abnormal eutect« rosion cracking fundamental! rupture, fatigue, and tensile proper- 
ties in nickel-base superalloys; 5) the 


studies and status of research 


tructure 
Order PB 151760 from the Office fracture of nonferrous materials tensile and rupture strengths of co- 
of Technical Services, Dept. of De- design considerations case balt-base superalloys are affected but 
fense, Washington 25, D.C histories and methods of circum- little by vacuum-induction melting, 
venting brittle fracture although rupture ductility is im- 
Classification of Soviet Gas-Turbine Order PB 161205 from the Office proved significantly; and 6) the im- : 
Steels: Review of Soviet Literature of Technical Services, Dept of De- proved homogeneity of segregation- 
1954-1959, 17 pp., $0.50, 1960-—Soviet fense, Washington 25, D.C sensitive hardenable stainless and 
heat-stable and scale-resistant steels nal 
iron-base superalloys that results 
are arranged into seven classes—in A Summary of Comparative Proper- 
order of increasing service tempera- ties of Air-Melted and Vacuum- 
, M d Steels and S sews by arc remelting leads to improved ten 
ture limit based on chemical com- Melted Steels an Superaloys, DY sile strength, ductility, fatigue 


D. C. Ludwigson and F. R. Morral, 
Battelle Memorial Institute, 144 pp., 


position, methods of production, and strength, and stress-rupture proper- 


methods of strengthening ties 
Order the report, 60-21016, from pi Order PB 151085 from the Office 
> Te ati St sho é 
the Ottice of Technical Services, a | of Technical Services, Dept of De- 


S 
5 reduction in hydrogen content of 


nse, Washi m Zo, D.C. 
large heats of low-alloy steels ef- fense, Washington 25, D. 


Dept of Defense Washington 2 
D.C 


fected through vacuum pouring can 
Selected References on Brittle Frac- lead to improved ductility; 2) the re- En ineerin 
ture, by Don Owens and Lynne Doss, duction in gas, inclusion, and impur- 9 9 
Information Management Division, ity content of low-alloy or chrom- Societies 
Battelle Memorial Institute, 63 pp., ium hot-worked die steels that can 
no price quoted, 1960—The purpose result from either vacuum-induction Pp n | 
of thi bibliography is to bring to- melting or consumable-electrode erso ne 
gether the results of past and current vacuum-arc remelting can lead to S | 
ervice inc. 

tudies of the subject in view of its improved fatigue and impact proper- (Agency) 
renewed importance as an obstacle in ties, higher ductility, and better be- Under the auspices of the Four Founder 
the missile and space programs. The havior under multiaxial stresses, but Engineering Societies and affiliated with 

llowing i cts have een cate- seldom improves tensile strength; 3) offers many years of placement experience 
gorized and cross referenced: testing the transition temperature, rupture in addition to world-wide contacts 
technique low temperature strength, and elongation of ferritic New York Chicago 
fracture fracture of welded and martensitic stainless steels may 40m 
tructure influence of process- be improved by vacuum-induction Sen eye 

57 Post St 

ing variables other than welding melting; 4) the improved cleanliness, : - 


PHYSICAL METALLURGISTS 


Expanding programs at the Armour Research Foundation require the permanent services of two phys- 
ical metallurgists. Prefer candidates with Ph.D. or M.S. degrees, but will consider B.S. degree with 
proven record of accomplishment. Challenging problems will enable you to contribute to the full 
extent of your ability. Imaginative thinking is highly valued. 


Technical areas of current interest include Physical Metallurgy, Alloy Development, Reactor Met- 
allurgy, Corrosion and Ferrous Metallurgy. 


Opportunities exist for writing and presenting papers to enhance your professional reputation. Tui- 
tion free graduate study and teaching opportunities are available. Exceptional benefits supple- 
ment competitive compensation. 


If you are an experienced research metallurgist interested in and qualified for any of the above tech- 
nical areas, kindly send a complete resume in confidence to: 


R. B. Martin 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 W. 35th Street, Chicago 16, Ill. 
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MANAGER 
BERYLLIUM METAL 
DEVELOPMENT 


Unusual opportunity in a rapidly ex 
panding industry for a metallurgist 
with a minimum of ten years experi 
ence in research and development 
work, preferably in the areas of the 
less common metals. The position in 
volves the direction of a substantial 
number of metallurgists in the physi 
cal, process, and mechanicol metal 
lurgy of beryllium. Applicant should 
possess several years of supervisory 
experience and should have the initia 
tive and confidence to assume the 
leadership of an important area of ef 
fort in a dynamic industry 


Please write in complete confidence 
or call collect to 


Dr. Bernard Kopelman 
Technical Director 

The Beryllium Corporation 
P.O. Box 1462 

Reading, Pennsylvania 
Telephone: WAlker 9-0781 


METALLURGISTS 


Rapidly expanding industry offers chol 
lenging positions on applied research ond 
development projects involving all fields 
of metallurgy 


Alloy Development— 


The design formation and 
€ jluation f beryllium bose 
and beryllium containing 


Physicol Metallurgy— 
Wwestigation f physical and 
mechonical properties of ex 
sting moterials 


Metal Fabrication— 


Development f new tech 

wes for casting rolling 
extruding ond ther f rming 
processes ft be applied to 
beryllium metal and beryl 


loys 


Powder Metollurgy— 


en wrvtered corr 
ber um metal pow 
fer t mple ma cor 


Process Control— 
Coordination of application 
efforts to produc 
tion scale 


Positions are open at all levels for men 
with PhD, MS and BS degrees or equiva 
lent. Salaries commensurate with experi 
ence ond bockground 


Interested persons should send their resume 
and salary requirements in confidence to 


Richord M. Quimby, Personne! Director 
The Beryllium Corporation 
P.O. Box 1462, Reading, Penn. 


Rare Earth Research 
Will Be Discussed 
At October Meeting 


A four-day seminar on Rare Earth 
Research is planned at Arrowhead 
Center, the University of California, 
Oct. 23-26. The seminar is being 
sponsored jointly by the University 
of California, the US Department of 
Defense, and Research Chemicals 
div. of Nuclear Corp. of America 

The program is planned as a series 
of five sessions, each consisting of a 
brief summary by an author, fol- 
lowed by general discussion 
period. The areas of solution chem- 
istry, ceramic systems, metals, alloys, 
and intermetallics are to be dis- 
cussed 

Arrowhead Center is located in the 
San Bernardino Mountains, on the 
shore of Lake Arrowhead, approxi- 
mately 85 mi from Los Angeles. The 
Center has lodge facilities for 100 
attendees; so, attendance is restricted 
to those actively interested in re- 
search with the rare earth elements 
Expenses are rated at $12.50 per day 
(which includes room and _ three 
meals). A fee of $25 is charged for 
registration 

Requests for reservations should 
be directed to E. V. Kleber, Research 
Chemicals, 170 West Providencia, 
Burbank, Calif., or Harry Tallman, 
University of California, Los Angeles 
24, Calif 


The second part of the magazine main- 


institutions. 


tains the scientific character of the former 


publication and, as in the past, includes 
separate sections devoted to original papers 
and to abstracts. The title of this part is 
Memoires Scientifiques de La Revue de 


Metallurgie. 


: La Revue de Metallurgie was created in 
» 1904 by Henry Le Chatelier. In June 1959 it 
; changed format, now appearing in two sepa- 
rate monthly parts. 


One part, which preserves the title Revue 
de Metallurgie, is devoted particularly to ap- 
plied metallurgy, especially the manufacture 
‘ and working of ferrous and nonferrous metals 


It also includes economic and statistical re- 
ports, as well as news of activities of the So 
ciete Francaise de Metallurgie and related 


Subscription rates for 1960 


Revue de Metallurgie $16.50 


Memoires Scientifiques de la 
Revue de Metallurgie $35 


Both publications jointly $47 
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AJAX CLECTROTHERMIC. ENGINEERING 


Duplex Ajaxomatic for melting and holding metal for automatic casting operations. 


FOR THE NEW IDEAS IN HEATING AND MELTING BY INDUCTION 


The Automatic Pouring Ajaxomatic, one of many products 
by AM, for the heating or melting of metals by Induction. 


oa GENERAL OFFICES 
| sngstow Ohio 
3 wer Ferry Road 
lagnethermic 


399 20ad 


ngstow 
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METAL WORKING WITH EXPLOSIVES 


Explosive forming is a dynamic new method of metal working. Many oper- 
ations such as forming, sizing, cutting, compacting, and welding can now be 
performed by the energy released from detonating or deflagrating an ex- 
plosive. The author presents a summary of activities to date and horizons 


opening for the future. 


by John Pearson 


uring the last several years considerable interest 
Dies been generated in the use of explosives as 
a high energy rate source in the production of metal 
parts. While the explosive working of metals is still 
an area which is relatively new to the metals in- 
dustry, it already includes such operations as form- 
ing, shaping, sizing, forging, extruding, welding, 
and compacting. In fact, it includes any operation in 
which the energy released from either a detonating 
or deflagrating explosive is utilized to perform work 
on a metal specimen in bulk, sheet, or powder form 
Several of these basic types of operation are cur- 
rently in use on a production basis, while the others 
are still in the applied research area of investigation 
The use of explosives to do constructive work 
with metals was initiated in the 19th century. About 
1888, for example, Charles Munroe’ used explosive 
charges to engrave names and various designs in 
iron plates by techniques similar to some of those 
used at the present time. In contrast to Munroe, 
who was limited in his choice of explosives and used 
pressed gun cotton for the energy source, the pres- 
ent day metal worker has a large range of explosives 
from which to choose. Following the work of Munroe, 
a number of other investigators performed opera- 
tions which would currently be classed as explosive 
working. These earlier experiments attracted little 
attention, however, since there was no need for such 
operations at that time 
Explosive working has attracted current interest 
due to a number of reasons. Among these are 1) the 
need for performing press operations on large parts 
where the required force is greatly in excess of 
present press capacity, 2) the need for new techni- 
ques in working some of the so-called space age 
metals as well as for producing space age shapes, 
3) possible savings in terms of equipment and labor 
for the production of certain types of short run 
items, and 4) a psychological factor which is very 
strong in this Country at the present time—the 
desire to seek and to participate in the development 


of new ideas 


JOHN PEARSON is head, Detonotion Physics group, Michelson 
Laboratory, US Naval Ordnance Test Station, China Loke, Colif 
This poper was presented at the 1960 Pacific Northwest Metals and 
Minerals Conference 


Energy sources 


Many types of explosives, which can be used in 
metal working operations, are available. They come 
under a large number of different commercial names 
and military designations, and possess a wide range 
of properties. One of the problems facing the metal 
worker is to match the properties of a specific ex- 
plosive to a particular type of operation in order to 
obtain the best results 

The major breakdown of explosive types, which 
is most pertinent to metal working, is into high ex- 
plosives and low explosives. Both types are used 
extensively in explosive working operations. A high 
explosive can be typified by TNT, PETN, Composi- 
tion B, or dynamite. Common examples of low ex- 
plosives are smokeless powder and black powder 

Table I gives a comparison for some of the im- 
portant parameters for both high and low explo- 
sives. A high explosive detonates producing ex- 
tremely high pressures, in the order of 2,000,000 to 
4,000,000 psi. The conversion time, i.e. the time 
required to convert a working amount of high ex- 
plosive into high-pressure gaseous products, is 
measured in microseconds. A low explosive burns or 
deflagrates, producing much lower pressures, in the 
order of about 40,000 psi. The conversion time for 
a low explosive is measured in milliseconds o1 
greater 

Upon initiation of detonation or deflagration, an 
explosive charge does not instantaneously release 
all of its energy to the surrounding medium. Rather, 
there is a finite time during which the explosive is 
converted into the high-pressure, high-density, 
gaseous products of detonation. The velocity with 
which this conversion front moves through the ex- 
plosive is known as the detonation velocity for high 
explosives, and the deflagration velocity for low ex- 
plosives. For most high explosives this value is in 
the range of 6,000 to about 28,000 ft per sec. Table 
II indicates representative values for the detonation 
properties of several of the higher-energy type of 
high explosives. For low explosives the deflagration 
velocity is usually measured in terms of inches per 
second or several feet per second. A thorough treat- 
ment of the physics of explosives is given in Ref. 4 
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Table |. Choracteristics of High And Low Explosives 
Low 
Property High Explosives Explosives 
. P x} ‘ Igniti 
anit A 
let 
r \ M i 
Oo ft pe A few rhe 
to a te te t 
pe 
Pre b t 4,000,000 ps Uy 
40.008 
; Table Il. Properties of High Explosives 
After Ref. 2 and 3 
Detonation Detonation 
Detonation Velocity Pressure 
Explosive Temp (°C) (ft/sec) (ps?) 
> x 4 27. 40K 750.000 
ET? 4100 27.2 00 
$400 2 2.900.000 
iC ACID 24.10 26 000 
I 22 800 2.2 
Table III. Velocities of Elastic Waves in Materials 
‘ 
Material ft/sec) ft/sec) ft/sec ft/sec 
“ 20.9 16. 20 
42 42.20 200 29, 
4.9 TOK 7.400 
430 4,001 2,30 
6.30 9.801 
4 6.400 10.500 
9 ‘ 204 4 200 
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In any metal working operation, the impulse de- 
livered to the workpiece by the energy source is of 
prime importance. As shown by Table I, large dif- 
ferences exist in the values for pressure and time 
between high and low explosives. Due to the ex- 
tremely high pressures produced by high explosives, 
they are normally fired as bare charges in open 
systems, and the loading curve is represented by a 
pulse of relatively duration 
Low explosives produce much lower pressures which 
be sustained for periods of time. As a 
result, low explosives are normally used in enclosed 
systems where the containment helps to increase 
the for which the pressure -hence, in- 
creasing the impulse delivered to the workpiece 


high-intensity short 


can longe! 


time acts 


Forces and pressures 


Most of the explosive metal working operations 
use unde! be divided 
two main groups, depending on the position of the 
explosive charge relative to the workpiece. The first 
of those operations in which the 
placed in intimate contact with the work- 
piece and are referred to as contact operations. The 
second group includes those operations in which the 
charge is located some distance from the workpiece, 
is transmitted through an interven- 
These are classed as stand-off opera- 
differences in the magnitude of the 
pressures developed at the workpiece, and variations 
the resulting material will occur be- 
tween these two classes of operations. While most 
production parts are currently made by stand-off 
operations, the interest in contact operations Is In- 


in ol consideration into 


can 


group consists 


charge i 


and the energy 
ing medium 
tions. Large 


in behavior, 


creasing rapidly. 

When a high explosive charge is placed in inti- 
mate contact with a steel body and detonated, pres- 
sures as great as 4,000,000 psi may be developed at 
the metal-explosive Pressures of this 
magnitude are developed wherever the explosive is 
in contact with the metal. This means that the basic 
restriction in the magnitude of the force which can 
be developed is related to the surface of the 
metal that is exposed to direct explosive contact 
the magnitudes of the forces 
become large to be essentially 
meaningless, since it is almost impossible to grasp 
the physical concept of the action. Their meaning, 
in terms of available work on the body, is further 
complicated by the fact that load duration is meas- 
ured in microseconds 

In the great majority of explosive working opera- 
tions currently in use, pressures in the order of sev- 
psi are far in of what can be 
Lower pressures are obtained by placing 
the explosive charge some distance from the work- 
piece and using an energy transmittal medium such 
as air or water between the charge and workpiece 
Parameters which important in controlling 
pressure magnitude at the workpiece include: 1) 
the type of explosive, 2) the amount of explosive, 
3) charge configuration, 4) stand-off distance, 5) 
the type of energy transmittal medium, and 6) the 
possible effects of pressure confinement By varying 
these parameters in stand-off operations, working 
pressures of several thousand psi to several hundred 
thousand psi may be obtained 
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Fig. 3—A cross-sectional view of a steel plate—the bottom surface 
fracture is due to a scabbing or spalling process. A stress wave in 
duced fracture 


Fig. 1 indicates how peak pressure at the work- 
piece can be varied as a function of stand-off distance 
for two transmittal media: air and water. Pressure 
curves of this type for air can be obtained from 
equations given by Stoner and Bleakney’, Cook’, 
and others. For a given amount of high explosive, 
the peak pressure at a given distance from the 
energy source is many times greater in water than 
in air. Several other important differences between 
pressure effects in air and water exist which are not 
indicated by the curves of Fig. 1. When a high ex- 


plosive charge is detonated in air, the workpiece is 
usually subjected to a single loading pulse with a 
duration measured in microseconds. When a charge 
is detonated underwater, an oscillatory bubble ef- 
fect may be produced, if the water 


container Is 
strong and relatively large compared to the diam- 
eter of the bubble. Thus, the underwater workpiece 

y be subjected to a series of loading pulses of 
rapidly decreasing pressure. Even for a single under- 
water pulse, the duration of load is usually meas- 
ured in milliseconds 

Fig. 2 shows the variation of peak pressure at the 
workpiece as a function of charge size and stand-off 
distance. In this case, the transmittal medium is 
water, and the calculations are based on a high 
energy explosive such as Composition c-3 with a 
detonation velocity of about 25,000 ft per sec. For 
calculations such as these, the following types of 
equations given by Cole’ or Roth’ can be used: 


where P is the peak pressure in psi, W is the weight 
of explosive in pounds, R is the distance from the 
explosive in ft, V, is the detonation velocity of the 
explosive in ft per sec, K is a constant which varies 
with the explosive, and a is a constant which is 
generally taken as 1.15 

The total impulse imparted by an explosive load 
to a workpiece is represented by an integral effect 
of pressure and time, 


fpdt [3] 


Hence, for a given impulse the shape of the pres- 
sure-time distribution can take countless forms. 


Fig. 4—A small-diameter explosive charge was used to remove a 
conical hub from one end of the thick-walled brass cylinder 


In many operations, this shape appears to be 
of considerable importance in obtaining satisfactory 
results, and different magnitudes of impulse and 
different p-t distributions may be desired. However, 
since both parameters (pressure and time) are 
amenable to some control relatively large 
ranges, the use of explosive charges makes available 
a tremendous work range within which metal work- 
ing operations can be performed 


over 


Stress waves 
General Effects 


In cases where the explosive charge is detonated 
in contact with the workpiece, much of the energy 
of the detonating explosive is coupled into the metal 
and appears in the form of a high intensity stress 
pulse. These stress waves can be either destructive 
or beneficial, depending upon how their energy ts 
utilized in the system. The outstanding behavior 
factor associated with stress waves is the formation 
of tensile fractures through the reflection and inter- 
action of stress wave fronts. The metal specimen 
in Fig. 3 and 4 show types of stress-wave induced 
fractures which may be either desirable or unde- 
sirable, depending upon the nature of the operation 

Fig. 3 shows a representative type of fracture 
which frequently accompanies contact operations 
and which is normally undesirable. The figure shows 
a cross-sectional view of a steel plate, which had 
been loaded on the upper surface with a small ex- 
plosive charge. The fractures on the bottom surface 
of the plate are the result of a process known as 
scabbing or spalling. Such fractures are produced 
when a high intensity compression wave strikes a 
free surface and is reflected back in tension, The 
superposition of the reflected tensile front on the 
incident compressive tail produces a localized region 
of high tensile stress in the metal. If this tensile 
stress is greater than the critical dynamic fracture 
strength of the metal, fractures of the type shown 
in Fig. 3 will result. The dynamics of formation for 
such fractures is well known’ and fractures of 
this type normally can be avoided by proper design 
of the metal-explosive system 

Fig. 4 shows a large, thick-walled bra 
where a conical hub was removed from one end by 
means of a small-diameter explosive charge deton- 
ated along the axis of the cylinder In this case, 
the conical fracture surface was produced by the 
controlled interaction of tensile stress wave fronts 
This specimen is representative of a large number 


cylinder 
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Fig. 5—Right, and 
Fig. 6—below, il 
lustrate two bulge 
forming operations 
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Block Powder and Squib 
Cavity 


Seal 


Top Die Half 


“ Bottom Die 
Half 


Water 
of controlled cutting operations which are possible 
through the use of explosively-induced stress waves 
The dynamics of formation of fractures of the above 
type is extensively discussed in Ref. 8 


Physical Properties 

The velocity of a stress wave depends both upon 
the properties of the material and the configuration 
of the body through which it is propagating. The 
velocities, as well as the general physical behavior 
of stress waves, are quite well known." Ve- 
locity values for stress waves in several representa- 
tive metals are listed in Table III. The first three 
columns give the velocities of longitudinal waves 
for three basic, body configurations: bulk, plate, 
and rod, respectively. The last column gives values 
for shear or transverse waves. Most of these values 
were experimentally obtained and come from nu- 
merous sources 

Several of the most useful equations for express- 
ing stress wave velocities are as follows 

The velocity of propagation of longitudinal waves 
(tension or compression) in a medium of infinite 


extent is given by the equation 
: | 3K (1—wv) | 
( 4 
p(l+w) 


Since this represents the velocity in bulk material, 
it is the most useful value when working with real 
objects 

The respective velocities for longitudinal waves 
in thin plates and rods of small diameter are 


Cc | [5] 
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The latter two equations probably will find only 
limited use in metal working operations due to re- 
strictions imposed by geometry and dimensions 
The velocity of propagation of transverse or shear 
waves in a body of infinite extent is given by the 


expression 
pP 
The role of transverse waves in various working 
operations is not yet very well understood 
In the above equations K is the bulk modulus of 
elasticity, E is Young’s modulus, G is the shear 
modulus, v is Poisson’s ratio, and p is the density of 
the material through which the wave is traveling 
Once a stress wave has been explosively induced 
in the workpiece, the wave will appear as a sharp- 
fronted pulse of high intensity. As the wave front 
passes a given point in the body, elements in the 
body will be displaced with a velocity which is 
termed the particle velocity. 
The particle velocity V,. of a point within a longi- 
tudinal disturbance is given by the expression 


[8] 


where oa is the stress at the point. For a compression 
wave, particle motion is in the same direction as that 
of the wave. For tension wave, the direction motion 
is opposite to that of movement of the wave 

The particle velocity of a point within a plane 
transverse wave is given by the expression 


V; [9] 


where + is the shear stress at that point within the 
transverse wave. Particle motion within a trans- 
verse wave is normal to the direction of wave prop- 
agation 

Another expression which is of considerable im- 
portance in contact operations Is relative particle 
velocity. This value represents the difference in 
velocity which exists between two adjacent body 
elements under dynamic conditions. If this velocity 
difference is known, then Equation 8 can be used 
to put this value in terms of a stress differential 
However, the dynamic behavior of most explosively- 
loaded, metal bodies can best be understood in terms 
of particle velocities and relative particle velocities 
than in terms of stresses and stress differentials 


Metal working operations 

General 
A wide variety of explosive-working operations 
are currently being used, or are being studied for 
possible future application in the metals industry 
In general, those operations which are in the most 
advanced stage of development are the ones which 
most approximate conventional metal working 
These are mainly stand-off operations and include 
the forming, sizing, and flanging of sheet-metal 
stock and plate. Those which are in the least ad- 
vanced stage of development are the ones most 
dissimilar to conventional operations and frequently 
involve different concepts of metal behavior. Most 
of these are contact operations and include con- 
trolled work hardening, forging, extruding, welding, 
controlled cutting, and the compacting and forming 
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Fig. 7—Shows a general method for forming large open parts in a 
woter pit 


of powders. In the following sections several 
representative explosive metal working operations 
of both the stand-off and contact variety are dis- 


cussed 


Forming, Sizing, Flanging 

The most extensively used explosive metal work- 
ing operations at the present time are the forming, 
sizing, and flanging of sheet metal stock. The equip- 
ment involved, and the techniques applied to these 
three areas are frequently quite similar. These 
operations are normally considered as stand-off 
operations with air, water, oil, and occasionally 
other materials used as the energy transmittal 
media. Water is used predominantly, and both low 
and high explosives are used as energy sources 
Low explosives predominate in closed systems, and 
high explosives in open systems 

One common type of forming operation, which has 
many modifications, involves the use of a two-piece 
die with the workpiece enclosed. Fig. 5 shows one 
method used for bulge forming tube stock. The 
energy source is a powder cartridge inserted and 
fired at the top of the die enclosure; the transmitting 
medium is air. A thin layer of a plastic material, or 
a layer of thick grease, is frequently used to protect 
the inside surface of the part from any possible 
scouring action of the powder products. Fig. 6 shows 
a two-piece die operation used for bulge forming 
with a water medium. The black powder charge and 
squib encased in a suitable container are placed in 
the center of the workpiece which is then filled with 
water and sealed at both ends. For a relatively thin- 
walled cylinder a single charge as shown is effective 
but for larger, heavier-walled parts it is often desir- 
able to use multiple charges, each one located at 
the center of an area of heavy deformation 

Fig. 7 shows a general method for forming large 
open parts in a water pit. For such operations a 
high-explosive charge is most commonly used. The 
charge size, stand-off distance, and water head are 
parameters which are determined by the size, thick- 
ness, and material properties of the workpiece as 
well as by the depth of draw. The workpiece is 
placed in the die assembly above water; the as- 
sembly is then lowered to the bottom of the tank 
for firing. In such operations, a hold-down ring is 
normally required to prevent wrinkling of the part 

For underwater operations some type of seal is 
normally used between workpiece and die. Some 
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Fig. 8 —Depicts a method which is applicable to both flanging and 
tree forming with explosives 


producers use rubber O rings in the top surface of 
the die. Others use a light layer of grease or other 
material between the die surface and the workpiece. 
Still others report that no supplementary seals are 
used. Apparently, in the latter case pressure applied 
through the hold-down plate serves this purpose. 
The need for a vacuum in the die cavity is another 
variable in question. Most operators report using 
a vacuum; a few do not. Whenever a vacuum sys- 
tem is not employed, special venting techniques are 
used 

Operations of the type shown in Fig. 7 are fre- 
quently performed without the use of a water pit 
The explosive charge is then placed in an expend- 
able, water-filled cardboard container which is 
positioned on top of the hold-down ring or work- 
piece. This method is quite adequate for the drawing 
of small parts; however, a water pit is almost a 
necessity for the production of large parts 

Explosive sizing operations may be employed in 
several ways. The workpiece is first preformed 
either by explosive or conventional methods, and 
then is sized to shape by explosive techniques 
similar to those described previously. Explosive 
sizing has also proven to be a useful tool for 
saving rejects when large parts produced by con- 
ventional methods fall outside of tolerance limita- 
tions. Another unique application is to take large 
cylindrical tubing which normally comes with 
relatively large variations in dimensions, and use 
explosive sizing to bring it within close tolerances 
for special uses.” One of the main advantages of 
explosive sizing is the ability to hold close tolerances 
in the workpiece. 

Some of the simpler flanging operations are 
performed in the same manner as for free forming 
with explosives. Fig. 8 shows a method which is 
basic to both types of operations. In this case a high 
explosive is placed in a water-filled cardboard con- 
tainer sitting on the hold-down plate. For a free- 
forming operation the workpiece would be a solid 
sheet or plate. Free-forming operations such as this 
are occasionally used to preform the workpiece, with 
the final forming operation similar to that shown in 
Fig. 7. A flanging operation can be performed if the 
workpiece in Fig. 8 has the center suitably removed; 
however, more complicated shapes may require a 
more complex system than that shown 

The parts shown in Figs. 9, 10, 11, and 12 are 
representative of types and sizes currently being 
produced by the above operations. It is in this area 
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of parts production that the greatest number of 


piece are now being nm inufactured, ition of 
tre above type have bee! effectively ised to 
produce cylindrical parts ranging from a fraction of 
an inch to several feet in diameter. Corre ponding 
part lengt! range from several inch to several 


feet. with material thir ke r of from a few thou- 


andths of an inch to about one inch being used 
The pressure encountered most tand-off 
yperations of the type described in thi ection 
range from about 20,000 psi to about 200,000 p 
Load duration for these operations 1s mostly in the 
millisecond range or longer. The displacement velo- 
city of workpiece elements 1s large compared to 


conventional forming, but It Is relatively slow when 
compared to ordnance velociti For example, in the 
free forming of a sheet metal part, the maximum 
displacement velocity for any part of the piece is 
normally in the range of from 100 to 800 ft per sec 
When the dynamic aspects of uch a loading are 
considered in terms of the geometry of the system 
the relative particle velocity between adjacent ele- 
ments of the workpiece becomes a matte! of only a 
few feet per second. This | normally well below the 
critical impact velocity of tne metal 
Compacting and Forming of Powders 
The use of explosives for the working of powdered 


metals falls into several categories. Among these are 
operations where 1) a high density packing 1s 
required without changing the phy sical properties 
of the individual particl and 2) it is desired to 
compress the powders into actual part through the 
bonding together of the parti le 

One of the earlier forms of powder compaction 
cor ted of placing the powde! in a thin cloth or 
plastic containe! and ibjecting it to the air blast 
fron n explosive charge. A sequence of shots, ot 
multiple multaneou hots were sometimes used 
In these operation the powdel could be given a 
high-density packing without metallurgically bond- 
! the particles togethe! Another general meth dd 
etti | high-density powder compact involved 
the concept of a clo ed system and the use ol low 
explosive Pre-tamping and the use of vacuum 

ter helped in the compacting of powder! 

lo obtain the pressure required to form the 
powder! nto actual parts, contact charges can be 
ised with the energy from the explosive being 
transmitted to the powder through some type of 
netal buffer. Syster of this type nave been used 
! nl " esearch tools for studying the behavior 
of material properti However, the concept fo! 
these research tools appeal applicable to part 
production through modification of the system de- 


[wo types of explosive ly-activated presses which 
ave been used at the US Naval Ordnance Test 


Station utilize the prince pie ; of single and double 
pistor Fig. 13 shows a cro s-sectional sketch of 
1 simple ngle piston press where the powder Is 
placed in the cavity of the lowe! platen A high- 
explosive charge placed at the cente! of the upper! 
platen forcibly drives the piston into the cavity 
Higher pre ires can be obtained with double piston 
press¢ Fig. 14 show 1 typical press of this type 
where the charges are detonated simultaneously by 
means of two detonators and a high-voltage system 
Fig. 15 a representative pressure-time curve for 
a small double piston pre ising 42 in. diam pistons 


and Composition-B explosive charges 1 in diam x 1 
in. long.” Fig. 16 shows typical parts which can be 
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produced by explo ively-activated presses, and the 
lifferent sets of forming piston employed 

Another application of explosive pressing consists 
of the bonding of layers of dissimilar materials. Fig 
photomicrograph of the interface formed by 


17 
compressing a layer of tron filings upon a layer of 
titanium filing 

To date, most explosive press work has been of an 
exploratory nature and little quantitative data are 


vet available for publication. Measurements on 
pecimens formed in double piston presses have 
hown that the final density and the strength of the 
pecimen are closely related to the ductility of the 
material pressed. In general powders of a ductile 
material will undergo consid rable plastic flow and 
have a tendency to form a strong bond. Extremely 
brittle materials normally undergo a decrease in 
particle size and demonstrate good compacting 
properties, but produce little bonding strength. In 
many operations the desired properties of a brittle 
material may be utilized by press-bonding such a 
powder into a more ductile matrix. Also, the use 
of sintering techniques in explosive press forming 
has not yet been adequately studied, but is one of 
many areas which seem to offer unusual opportunl- 
ties 
Explosive Welding 

One of the most recent applications of explosives 
is in the welding of metal parts Only limited pre- 
liminary studies have been reported in this area 

It appears that two basic explosive welding tech- 
niques are currently being considered In one 
method the parts are placed in direct contact and 
are subjected to normal loads applied by an under- 
water stand-off operation. The second method uses 
eontact charges, asymmetrical loads, and an angu- 
larity between parts Little information is yet avail- 
able with which to compare the strength character- 
istics. ete., of these two techniques But both methods 
have demonstrated promise In the joining of dis- 
similar metals, and it appears that the two methods 
will have specific but different areas of application 
Onlv the contact explosive method is discussed here 

Consider the four systems shown In Fig. 18. All 
have the tendency to produce metallic jets. In the 
rdnance-type shaped charge the metal liner col- 
lapses and 1s projected forward as a jet of metallic 
fragments. When a high-velocity projectile, such as 
a sphere, impinges on a thin stationary target, there 
is a tendency for the metal at the interacting sur- 
faces of the sphere and the target to produce a jet 


This unusual effect between target and projectile 
was described by Allen and associates” and at a 
later date by Abrahamson Fig. 19 shows the type 
ef wave effect produced on the surface of a steel 
projectile by impacting 4 thin lead target.” This 
effect is termed surface jetting 

When two plates or other parts are projected 
together at a high velocity with some included angle 
of collapse, surface jetting occurs from the inter- 
acting surfaces. If the impacting velocities are too 
great, relative to the properties of the metal, the 
material at the interface will be displaced as a jet 
and bonding between the parts will not occur. If the 
velocities are too low, no interaction will occur at 
the interface. Between the two extremes Is a velo- 
itv region within which severe plastic deformation 
occurs at the interacting surfaces of the two parts, 
and surface jetting similar to Fig. 19 results. The 
interaction between the jet elements of the two sur- 
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Figs. 9, 10, 11 and 12—Show 
representative types and sizes 
currently produced by forming, 
sizing, and flanging cperations 


Fig. 13—Left, shows o cross-sectional 
sketch of a simple single piston press 
where powder is placed in the cavity 
of the lower platen 


Fig. 14—Below, shows a typical double 
piston press where the charges are 
detonated simultaneously 
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Fig .15—Above, shows a representotive pressure- 


time for a small double piston press. Fig. 16—Right, ‘ 
shows the various parts which can be produced using t. 


presses and forming pistons now available 
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Fig. 17—Above, a photomicrograph of the interface formed by 
compressing a layer of iron filing upon a layer of titanium filing 


| 


Fig. 18—Four systems which tend to produce metallic jets 


two parts permanently bonded together. Fig. 20 
shows the cross section of the interface between two 
low carbon steel parts which have been joined 
together by surface jetting. Limited tests on explo- 
sively welded plates indicate that the strength of a 
good weld of this type is comparable to the strength 
of the parent metal 


Other Operations 

In addition to the operations previously men- 
tioned, many other explosives applications of both 
the stand-off and contact charge variety are being 
used. Embossing, beading, dimpling, and joggling 
operations are normally performed with stand-off 
charges in a manner similar to those described fot 
the general forming of sheet metal parts. Engraving, 
extruding, and punching are types of contact oper- 
ations where buffer parts in the form of engrave- 
ment sheets, pistons, etc., are placed between charge 
and workpiece. In most controlled cutting operations 
the charge is placed in contact with the workpiece, 
and the metal is parted through the interaction of 
stress waves. In some instances cutting is done by 
means of specially designed shaped charges with 
metal Most of these operations are fully 
described in the literature 

Controlled hardening of metal parts is another 
recent and novel development. Contact charges are 


liners 


used to increase the hardness of austenitic manga- 
nese and other steels The application of this 


process at present is used mainly for railroad, con- 
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struction, and mining equipment. Special types of 
sheet explosive have been developed for this appli- 
cation. Other data on the explosive hardening of 
mild steel is also available in the literature 


Material behavior 


The behavior pattern of metals in explosive work- 
ing operations is still a matter for considerable de- 
bate. Much confusion stems from the fact that a 
wide range of metals are being considered, and for 
many diverse operations It is in this general area 
that the greatest amount of applied research needs 
to be accomplished. 

Much of the current information regarding the 
general behavior of metals under high-intensity loads 
comes from the earlier work of such investigators as 
Clark and Wood, and Bridgman. The studies of 
Clark and Wood and others on the behavior of ten- 
sile specimens subjected to dynamic loads,” dem- 
onstrated that an increase in the rate of deformation 
will raise the yield strength, as well as the entire 
stress level of the flow curve, and the ultimate 
strength of the material. Dynamic tensile tests are 
not as clear with regard to elongation characteris- 
tics. With increasing impact velocity some metals 
show essentially no increase in elongation, others 
have a scattered behavior, while still others show 
a definite increase or decrease in elongation. A simi- 
lar spread in behavior patterns has been reported 
for a wide range of metals when subjected to stand- 
off operations. Other favorable predictions for cer- 
tain types of explosive working operations are 
based on the static high-pressure work of the type 
conducted by Bridgman.” The general outstanding 
effect associated with this work on such metals as 
low carbon steels is the tremendous increase of 
plastic deformation which the metal will tolerate 
without fracture.” Similar behavior patterns have 
been reported for a few contact explosive operations 
where unique load geometries were applied. 

All such data is of considerable value, provided 
that it is interpreted correctly in terms of explosive 
working parameters. In attempting to extrapolate 
such data to any explosive working operation, the 
investigator must be careful to account for the 
marked differences in loading patterns which may 
exist between these two areas. For example, unusual 
behavior patterns exhibited under high hydrostatic 
pressure may, or may not, exist in an explosive 
working operation, depending on the nature and 
geometry of the load 

It is helpful to divide material behavior in ex- 
plosive working operations into separate areas for 
consideration. One useful breakdown is shown in 
Fig 21. The basic breakdown is into the areas of 
stand-off and contact operations which are then 
arranged in order of increasing pressure and strain 
rate. Recent studies indicate that for most standoff 
operations (the left end of the scale), the problems 
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Fig. 21—A helpful division of materials behavior in explosive work 
ing operations 
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a steel projectile by impacting a lead target. 


encountered in metal behavior are similar to those 
of conventional working. For most metals in this 
area of operation the degree of work hardening, 
elongation, strength characteristics after working, 
etc., are not much different from what would be 
encountered from similarly working the part by 
conventional methods. At the right end of the scale 
where most contact operations are listed, materials 
tend to exhibit stress-wave induced fractures, ex- 
tensive plastic deformation, severe work hardening, 
and extensive flow and elongation. Many operations 
are designed around these behavior patterns and use 
them to advantage. In the region between these two 
extremes no single behavior pattern appears to 
hold. Material behavior is quite varied, depending 
on the metal and the conditions of loading. 


Summary 

The use of explosives in metal working has been 
satisfactorily demonstrated during the last several 
years. What have not yet been established, however, 
are the limits of application in various operations 
coupled with the workability of a wide range of 
metals. It is a young field with much of the work 
being accomplished on an empirical basis. To help 
it grow a greater interchange of information is 
needed, as well as a much greater emphasis on ap- 
plied research. 

As with most techniques that are new, emphasis 
has been placed on reproducing types of operations 
that are understood in the conventional sense. Many 
of these operations, especially those used in the 
forming of large sections of high-strength, hard-to- 
form materials, and in the production of low- 
volume, unusual shape items, have been outstanding 
However, explosive working is not only a new way 
of doing an old job, but one which also offers new 
and unique operations of its own. In fact, the future 
promise for this field seems to lie in the extension 
of explosive working to operations now beyond the 
reach of conventional equipment, rather than in 
duplicating the results of conventional methods 

Explosive working is not a cure-all for all of the 
problems which exist in the conventional working 
of metals, although it does offer help in many cases 
In many operations it is not a replacement for the 
older method, merely an adjunct to it which allows 
for greater scope of operation. In other instances it 
promises revolutionary new techniques all of its 
own. It is safe to say that if a job can be satisfactorily 
and economically performed by older, more con- 
ventmonal methods, then explosive working is not 


Fig. 20—Shows the cross section of the interface between two low 
carbon steel parts which have been joined by surface jetting 


needed. However, if conventional methods are not 
now doing a satisfactory job, then explosive working 
should be seriously considered; in many cases it will 
offer a satisfactory solution 
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and pneumatic-mechanical forming 
processes for the deformation of materials 


by E. W. Feddersen 


hree major methods of applying high energy 
fF pas to the defcrmation of materials are « xplo- 
ive, hydroelectric, and pneumatic-mechanical 
forming 


Explosive forming i 
the exertion of 


the shaping of materials by 
sures from the explosion 
of a chemical charge. The shock wave and subse- 
quent hydraulic action cause the material to take 
the shape of its die. Normally, a fluid medium, such 
as water, is used to transmit the force because of 


udden pre 


the intense heat generated and the more uniform 


pressure is experienced from hydraulic action. A 
third and a less important reason for using water is 
the natural muffling effect that it has on the sound 
of the explo ion 

Although po 


chanical presse 


essing certain advantages over me- 


explosive forming cannot replace 


mechanical means of forming high-volume items 
The real advantage lies in its ability to form and 
ze large. complex ections at a fraction of the 


normal tool costs and to eliminate extremely large 


The hydro-electric method has been characterized 


as underwater lightning. Again, a sudden release of 
energy in thi case electrical energy stored in 
capacitor is used to deform materials. The energy 


medium, and like ex- 
plosive forming, this method also has its limitations 
and does not appear to be a replacement for the 
hydro-electric 
over the first method 


is applied through a water 


mechanical pres: gut the process 


has two additional advantage 
t accurate and repeatable, and because of com- 


plete controllability, it is usable within a fully- 
inhabited factory 

The third 
means of applying high 


mation of materials tl 


method is a pneumatic-mechanical 
rates to the defor- 
rough the sudden release of 


Dynapak. Energy is 


energy 


compressed gas it called 

E. W. FEDDERSEN is chief of applied manufacturing research, 
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HIGH ENERGY RATE... 


its application to metal forming 


Promising the engineer unfettered design freedom, explosive, hydroelectric, 
the most important high energy rate 
are explored in detail. Explana- 
tion is also given to a new concept, closed-cavity extrusion molding. 


stored in the 
which 1 


form of compressed, dry nitrogen, 
released through a system of valves and 
applied to a piston. The piston, ram, and headet 
plate are driven at a very high velocity, making 
contact with a bolster plate. The header plate con- 
tains the punch, while the bolster plate holds the 
die. This is very conventional, with the exception of 
the high velocities which are employed. The method 
opens new avenues of metal forming and can, in 
some instances, use simple punches with complicated 
dies 


Applications of explosive forming 


The field of explosive forming is the forerunner 
of the three methods, primarily, because it does not 
require mechanical or electrical devices other than 
those employed for handling materials and tools 

Production applications of explosive forming is 
most prominent in the aircraft, missile, and engine 
fields. Ryan Aeronautical Co., Aerojet 
General Corp., North American Aviation Inc., 
Rocketdyne div. of North American Aviation Inc., 
Lockheed Aircraft Corp., Boeing Airplane Co., and 
Convair installed facilities for research and pro- 
duction as early as 1957. In addition, Talco Engi- 
neering Co. and E. I. Du Pont de Nemours are cur- 
rently using explosive forming methods 

Imaginations ran rampant when explosive form- 
ing was first introduced to industry. At first, every- 
one believed that the then conventional methods 
would be replaced by the easier and cheaper method 


accessory 


which used explosives. Numerous articles were 
written and as many speeches were made, each 


emphasizing that this was the panacea that the 
metalworking industry had been seeking. Arproxi- 
mately three very active years have passed since 
the first blast of publicity, and during this time, 
many among us have quiescently become wiser and 
assumed a practical approach in the use of this very 
important and versatile form of energy 

After the first shock wave subsided, Convair-Ft 
Worth initiated technical studies and tests on ex- 


plosives and their capacity to deform matefials. 
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Fig. 1—Left, a ball joint— 
explosively formed. Fig. 2 
—Above, die used to form 
the ball joint. The explosive 
used was prepackaged gun 
powder 


These studies produced a great deal of technical 
data, the compilation of which has permitted Con- 
vair to establish parameters of explosive type, shape, 
and weight to do a given forming operation. These 
parameters are relatively broad, and we still rely 
heavily upon the engineer’s practical knowledge of 
explosives and their characteristics. Continued use 
of explosives will generate more empirical data to 
be utilized in establishing more precise parameters 

In addition to the above data, we began a sys- 
tematic classification of shapes which we consider 
to be practical to be formed by explosives; they in- 
clude the following: preformed hollow bodies (ulti- 
mate shapes), cups (drawn from flat plates), chan- 
nels (straight and curved), and panels (flat and 
contoured). The expansion of preformed hollow 
bodies and the formation of cup shapes were se- 
lected as the most economical applications of this 
process. 

Fig. 1 shows one application of explosives to the 
expansion of preformed hollow bodies. The ball 
joint is made by precutting 301 annealed stainless 
steel tubing and nesting one within the other. These 
are then placed in the die shown in Fig. 2. A light 
charge of prepackaged gun powder is placed inside 


Fig. 5—The use of explosive forming de- 
creases the number of steps in the produc 
tion of this cup 


Fig. 6—Because of 


doors 


Fig. 3.—Above, 
shows a section of 
a cooling shroud 
for a ramjet en 
gine. Fig. 4— 
Right, the die 
used to form the 
section 


the tube and detonated. The result is a uniform 
semi-air-tight ball joint for the overboard dump 
system of the B-58 airplane. 

Another application of explosives to preformed 
hollow bodies is shown in Fig. 3. This part is a cool- 
ing shroud for a ramjet engine. In this case, a type- 
310 stainless steel was preformed into a cylinder 
and welded. It was placed in the die shown in Fig 
4, and a cylindrical charge of PETN explosives, 2 in 
in diam and 9 in., long was suspended within the 
chamber. Thus, a complicated part was formed 
without the need of any machine tools. Conforma- 
tion of convolutions and diameters were well within 
customer's tolerances (+ 0.010 in.) 

Fig. 5 is an irregular cup shape which was se- 
lected for explosive forming because of the multiple 
strike and annealing operations which were re- 
quired when the part was made on a drop hammer 
By means of explosive forming, operations were 
reduced from five strikes to three and from four 
anneals to one. The part, a mounting for a ground 
cooling line on the B-58, is made from 6061-0 alu- 
minum and is formed using two 5-g explosive 
charges with only one annealing required between 
strikes 


Fig. 7—A HI-VO-PAC (high energy spark) 


safety regulations some unit is shown above. The portable box on 
explosive forming installations are out of 


the left contains capacitors, switches and a 
variac power control 
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The explosive forming installation, Fig. 6, 1s out 
because of safety regulations established 
by state and local governments and company poli- 
cies. These regulations, while absolutely necessary, 
cause the process normally to be a fair-weather 
operation. With these limitations plus the fact that 
the blasting site is generally located some distance 
from the main plant facility, explosive forming is 
economical only when applied to selected parts. The 
search is continuing to find a practical method of 
generating controlled explosive forces of a desired 
magnitude, and yet safe enough to detonate in the 


of doot 


plant 


Hydroelectric forming 


Within the past two years, Chrysler Corp., Re- 
public Aviation Corp., and Convair-General Dy- 
namics Corp. have announced that they have found 
a substitute for explosives in high energy rate de- 
formation—electricity! 

Convair engineers developed a high-energy spark 
a non-chemical high energy release method 
to supplement explosive forming in the study of 
hock waves and wave forms. Numerous experi- 
ments and tests were performed, during which it 
became apparent that a distinct and vast source of 
Here was a 


unit as 


controlled high-energy was available 
technique that could be used indoors. Here, too, was 
one of the few direct applications of electricity to do 
work 

At first, high voltages in a range from 14,000 to 
22.000 v and from 30 to 60 microfarads were used 
Subsequent experiments showed that a sufficiently 
intense shock wave could be generated in water to 
form small sample parts of stainless steel, copper, 
and aluminum, Pressures obtained were in excess 
of 80,000 psi—well above the yield limits of the 
used in the experiments 
were tried, it became 


material 
additional experiment 
essential that the power of the unit be increased 
TI wa valiz by reducing the voltage from 
22.000 to 4,000 v and increasing the capacity from 
60 to 1200 microfarads with the addition of an 
An added bonus derived from the 
of voltage was the complete elimination 
in the form of a corona, thus making a 

operating unit 
nergy contained in the capacitor bank Its 
580 joules or 10,800 ft lb. When this unit 
ating wire connecting the electrodes 
ormed into a cylinder of metallic vapor, 


which expands against the medium, in this case 
nertia of the medium eauses a pressure 
build-up in the approximate range from 15,000 to 
20,000 atm 


water. The 


The surge peak of current is about 2 or 3 micro- 
econds, and 40 microseconds of total time is used to 
decay. Variation in the wave front is accomplished 
by shaping the initiating wire. Sharp nosed, spheri- 
Ci and plainer wave fronts have been observed 
and put to use for specific forming jobs 

A high-energy spark unit is shown in Fig. 7. The 
portable metal box on the left contains capacitors, 
switching circuits, a variac power control, a charg- 
ing switch, and automatic or manual discharging 
switches. The desired voltage build-up is controlled 
by the variac and can be read in the voltmeter lo- 
cated on the control panel. After making the desired 
setting, the build-up and initiated 
merely by pressing the release button; the apparatus 


discharge is 


684—-JOURNAL OF METALS, SEPTEMBER 1960 


charges in 6 sec and then automatically discharges. 
The unit is sufficiently safe for operation by non- 
technical personnel and can be located in the prox- 
imity of other plant activities 

In the application of this controlled and repeat- 
able electrical explosive force, the most obvious 
departure from explosive forming is the die design. 
Dies for high-energy spark forming are completely 
closed, because the gas volume generated by the 
vaporized wire is insignificant when compared to 
the gas bubble created by a chemical explosive. By 
closing the die, full advantage can be taken of the 
pressure wave and, in the case of tubular parts, the 
shock wave is reflected off the ends, thereby creat- 
ing additional energy. Each die has its own peculiar 
set of electrodes and an initiating wire. 

The closed die design, employed at Convair-Ft 
Worth, permits the use of epoxies as die material. 
These resins have high compression strength and 
reasonable wear characteristics 

Fig. 8 shows the split die, blank, and diehead elec- 
trode with initiating wire attached. In the sequence 
of operations, the die is first closed, and the bottom 
plate is installed. The tube to be formed—with a 
rubber wafer at its base to make it water-tight—is 
then placed into the die cavity, and the tube is filled 
with water. The cover plate with electrodes and 
initiating wire is next installed. The leads from the 
power unit are connected to the electrodes, and the 
release button is pressed. In 6 sec the unit charges 
itself and fires automatically, resulting in the fin- 
ished part shown in Fig. 9. Of great interest is the 
fact that the operations of beading, expanding, and 
piercing of the hole were done simultaneously 

High-energy spark, like explosive forming, ob- 
viously lends itself to expanding and sizing hollow 
bodies: thus, this is the most economical use to 
which it has been employed. This high energy rate 
method will take its place among the other produc- 
tion processes in sheet metal fabricating shops. 


Pneumatic-Mechanical forming 


Is there any high energy rate device suitable for 
producing forgings and impact and straight extru- 
sions? The answer is to be found in a device mar- 
keted under the trade name of Dynapak. This is a 
pneumatic-mechanical machine’ which releases 
stored high-pressure nitrogen gas to accelerate a 
piston to a high velocity, thus developing a high 
energy rate forming process 

This pneumatic-mechanical principle offers to the 
metal forming industry a high energy rate device 
which can be used in forging, forming, extruding, 
compacting, shearing, and blanking But to date, 
most of the effort has been in forging, extruding, 
and closed-cavity extrusion molding, a term which 
pertains to extruding a material through an orifice 
into a vented closed-cavity die. This process literally 
makes functional the concept of parts being born to 
shape. 

Dynapak consists of a two-chambered cylinder, 
valve cocking assembly, piston ram assembly, bol- 
ster plate, tie rods, cushioning piston, nitrogen shock 
absorbers, and base frame (Fig. 10). The entire unit 
can be mounted either in a horizontal or vertical 
position 

The operation of the machine is simple; chamber 
A is charged with nitrogen gas to the desired firing 
pressure, and a trigger pressure is applied to the 
small area between chambers A and B. This trigger 
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Fig. 8—Left, shows a split die, blank, and 
diehead electrode with initiating wire at 
tached. Fig. 9—right, depicts the finished 


port 


DVYNAPAK , DESICW 


— 


COCKED POSITION 


= — = AA 
Tt shown at the right. The entire 


unit con be used in either 


FIRED POS/T/OW horizontal or the vertical position 


Fig. 13A—Below, illustrates a part 
of 19-9 DL stainless steel which 
wos mochined from a standard 
blocker forging 


Fig. 11—Above, part at right was 
machined from the blocker forging 
shown at left. Fig. 12—Below, 
producing the Fig. 13B—Below shows the port 
produced according to high energy 
rate principle 
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Fig. 15—A comparison of a welded 
hook and flange (left) and a hook 
and flange using Dynapak 


pressure forces the trigger piston to an open posi- 


tion. Compressed nitrogen then passes through three 


large ports and acts upon the piston, driving it and 
the punch toward the work piece at a high velocity 
The machine is mounted on a floating-type support; 
so, the bolster plate also moves toward the punch 
when the machine is fired. The momentum of these 
two cancel each other as the part is being formed; 
therefore, all stresses are contained within the 
machine, After the part is formed, the piston is re- 
turned to the cocked position by pumping hydraulic 
oil into the forward section of chamber B. This ac- 
tion also recompresses the nitrogen in chamber A 
to the original firing pressure 


Two forging firms in the Los Angeles area de- 
cided to give Dynapak a try. The Precision Forge 
Co. was the first, and its first customer, Convair- 
San Diego, ordered a forged gas-tight corner which 
would be structurally sound and require a mini- 
mum of machining. This part, shown on the right in 
Fig. 11, is used in the Convair 880 airliner. It was 
being machined from the 4-lb, 10-o0z blocker forging 
(shown on the left in Fig. 11) to a finished weight 
of 10 oz. Fig. 12 shows this part as now produced 
finished forged from 2014 aluminum alloy in two 
trikes by Dynapak. The only machining required 

the flash trim and the attach hole drilling. The 
change-over in production technique for producing 
the gas-tight corner resulted in considerable sav- 
Ings 

An example of what can be done with high 
energy rate applied to a part made from 19-9 DL 
tainle teel is shown in Figs. 13A and 13B. This 
part had been machined from typical blocker forg- 
ings, but Precision Forge Co. applied the high energy 
rate principle with a resulting 75 pct overall saving 
to the custome! 

But die material selection and die design require- 
ments have not been completely established, and 
continued development will be required to put this 
new process into full production 


Closed-Cavity extrusion molding 


Improvements demonstrated in open die forging 
experiments conducted by Precision Forge Co 
whetted the enthusiasm of Convair’s engineer’s to 
try the principle of closed-cavity extrusion mold- 
ing, 1.e. the forcing of metal in a semisolid or plastic 
state through a small orifice into a defined die cav- 
ity to produce a finished or semifinished configura- 
tion with good physical properties 

The initial work centered around the effect of 


moving metal through an orifice into a closed cavity 


These tests were conducted using the die shown in 
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Fig. 14—Left, an 
illustration of the Wi 
apporatus for , RE 
closed-cavity ex GN 


trusion molding 


Fig. 14 which was so designed that various orifice 
ratios could be employed 

The results of simple tests on 17-4 PH stainless 
steel and AISI 4130 steel indicated that these mate- 
rials did experience the behavior of a fluid when 
subjected to the high energy rates. They also indi- 
cate that the metal, while no longer possessing de- 
fined longitudinal or transverse structure, did not 
suffer a loss of tensile properties. In fact, it now 
appeared to have equal longitudinal and transverse 
tensile strength 

Armed with this knowledge, the next step was to 
select some part of the B-58 airplane which offered 
a challenge, for example the canopy pod hook made 
of AISI 4130 and shown in Fig. 15. It is made of two 
pieces—flange and hook—which are welded together 

The die material selected was Stentor heat treated 
to a hardness of Rockwell C 55-60. After a series 
of tests, the results which are most dramatically 
portrayed in Fig. 15—with the original welded hook 
on the left and the Dynapak hook on the right 
were achieved. All of these tests were not without 
great disappointment. During the fabrication of the 
next successful hook, the die failed. The failure can 
be attributed to a lack of knowledge of tool steels 
and the need for closer control of heat treating. 
Since this tool had to be rebuilt, several tool steel 
manufacturers were brought into the picture. They 
were all sympathetic and saw the need for a new 
die steel which is tough, abrasion resistant, thermal 
shock resistant, and has good elongation. With im- 
proved die steels, we believe that this process can 
literally cause complex parts to be born to shape 


Conclusions 


The application of high energy rate to industrial- 
scale operations is feasible; however, there remains 
a considerable amount of development work still to 
be accomplished. It must be recognized that each 
method has its own area of application, and that no 
one method is the panacea for the materials proces- 
sing industry. 

The several processes still require a great deal of 
manual work, and we must improve handling de- 
vices for tools and material. In addition, a whole 
new concept will be required in the design of quick 
opening dies. The design is made more difficult be- 
cause of the high internal pressures acting upon the 
material and the dies 

With diligent effort on the part of industry, it is 
certain that the maximum utilization of high energy 
rate deformation will be made in the very near 
future. Through the application of these new pro- 
cesses, engineers are offered vast design freedom. 
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A Review of the 


International 


Powder Metallurgy 


Conference 


June 13-17, New York City 


ORE than 18 months of detailed planning and 
MA intensive effort culminated in success when 
about 750 scientists and engineers, including 100 
visitors from foreign countries, attended the first 
International Powder Metallurgy Conference to be 
held in this Country. The meeting, which was co- 
sponsored by The Metallurgical Society’s IMD Pow- 
der Metallurgy Committee and the Metal Powder 
Industries Federation, convened at New York’s Bilt- 
more Hotel, June 13-17. 

The proceedings got off to an auspicious beginning 
with a reception on Sunday evening in honor of the 
visitors from overseas—courtesy of an international 
assortment of industrial sponsors. Turning to serious 
business, conferees attended the first in a three-day 
series of technical sessions on Monday 

Prior to the start of the regular technical pro- 
gram, registrants were welcomed by the Conference 
Co-chairmen, F. V. Lenel of Rensselaer Polytechnic 
Institute; Kempton H. Roll, Metal Powder Indus- 
tries Federation Executive Secretary; and Program 
Chairman C. G. Goetzel of New York University 

The keynote of the meeting was sounded by Paul 
Schwarzkopf, Honorary Chairman and President 
of Metallwerk Plansee GmbH, Reutte, Austria, who 
was introduced as Mr. Powder Metallurgy. In his 
talk entitled Half a Century of Modern Powder 
Metallurgy, Dr. Schwarzkopf outlined the highlights 
in the development of powder metallurgy technique 
and theory since 1910. He based his starting point 
on the successful application by Dr. W. D. Coolidge 
of powder metallurgy techniques to the problem of 
producing room-temperature-ductile tungsten for 
use in incandescent lamps. Citing prehistoric iron 
powder metallurgy and early 19th century produc- 
tion of sintered platinum in Britain and Russia, Dr 
Schwarzkopf described 1910 as the year of renais- 
sance in powder metallurgy. 

The balance of the morning and the afternoon 
session of the first day of the Conference was de- 
voted to a Symposium on Powder Metallurgy Fun- 
damentals and Theory. 
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A truly international symposium . . . Depicted 
above ore (left to right) Y. Motsayuma of 
Japan, F. V. Lenel of the USA, and Ambas 
sador Moch and P. Schwarzkopf both of 
Austria 


At 12:15, many conferees were to be found at the 
Welcoming Luncheon, which concluded with a short 
talk by K. H. Roll on Powder Metallurgy and the 
Metal Powder Industry in the US and Canada 

On Tuesday, two symposia were conducted deal- 
ing with Dispersion Strengthening and Powder 
Metallurgy Technology and Methods. Wednesday 
was occupied exclusively by a symposium on Pow- 
der Metallurgy Alloys, Materials, and Applications 

The international flavor of the Conference came 
to a definite peak at the Banquet, which was held 
on Tuesday evening starting at 7:30 pm. A con- 
genial group of registrants and their wives enjoyed 
an evening program which left little doubt about 
powder metallurgy’s worldwide scope Following 
the introduction of those who were responsible for 
the planning and organization of the Conference, K 
H. Roll relinquished the lectern to Co-chairman F 
V. Lenel. Dr. Lenel introduced the following repre- 
sentatives of various countries whose scientific and 
professional organizations for powder metallurgy 
sent greetings on the occasion of the conference: Y 
Matsuyama (Japan), B. A. Oliver (England), W 
Hotop (Germany), and Michel Eudier (France) 

Also attending the Banquet were representatives 
from Finland, Canada, and Sweden, and Karl Wolf, 
Consul-General of Austria in New York. Numerous 
duties next fell to the toastmaster, Carleton C 
Long, 1960 President of The Metallurgical Society 
of AIME and director of research, St. Joseph Lead 
Co. Dr. Long read two letters of congratulations and 
greetings to those attending the Conference: the 
first was from George B. Kistiakowsky, scientific 
adviser to the President of the US; the other from 
Nelson A. Rockefeller, Governor of the State of New 
York. He then introduced His Excellency, Franz 
Matsch, the Austrian Ambassador to the United 
Nations. Dr. Long’s final assignment before intro- 
ducing the speaker of the evening was to present to 
the Honorary Chairman of the Conference, Paul 
Schwarzkopf, a plaque bearing the following in- 
scription: 
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“Commemorating Half a Century of Modern Pow- 
der Metallurgy and Honoring a Pioneer in the Sci- 
ence and Art of Powder Metallurgy 


Paul Schwarzkopf, Dr. of Tech. Sc. and Dr. of 
Philos. (Prague), Dr. h.c. (Graz), Senator h.c 
and Prof. (Innsbruck), Baurat h.c 


Presented at the 1960 International Powder Metal- 
lurgy Conference, co-sponsored by the Metal Pow- 
der Industries Federation and the Institute of Metals 
Division, The Metallurgical Society of the American 
Institute of Mining, Metallurgical and Petroleum 
Engineers, June 14, 1960. 


Attached hereto is a specimen from one of the 
first sheets of coated molybdenum made by 
powder metallurgy under the direction of and 
by techniques, unique at the time, perfected by 
Dr. Schwarzkopf.” 


He then introduced Charles E. Reed, general 
manager, Chemical and Metallurgy div., General 
Electric Co., who spoke on “The Fifty Year History 
of Powder Metallurgy”. 

The last two days of the five-day meeting were 
devoted to plant tours offering conferees an oppor- 
tunity to observe a variety of powder metallurg: 
operations ranging from metal powder production to 
fabrication and utilization of powder metal part 
Plants visited during the two-day period included 
Hoeganaes Sponge Iron Corp., Riverton, N. J.: F. J. 
Stoke Corp., Philadelphia, Pa.; Presmet Corp 
Worcester, Ma Lionel Corp., Irvington, 
Alan Wood Steel Co., Conshohocken, Pa.; Pitney- 
Bowes, Inc., Stamford, Conn.; and Stevens Institute 
of Tect nolog’ Hoboken, N. J 

Among those responsible for the planning and 
mooth operation of the conference, in addition to 
person mentioned above, were H. H. Hausner, 
Consultant (international liaison), R. W. Shearman, 
Secretary, The Metallurgical Society of AIME 
(AIME liaison), J. L. Bonanno, Lionel Corp. (Plant 
tours), Chalmers Dale, Charles Hardy, Inc. (Social 
activities), and Werner Leszynski, Schwarzkopf De- 
velopment Corp. (editorial) 

All of the papers presented at the Conference, as 
well as written discussions of the papers, are to be 
published in a Proceedings volume by Interscience 
Publ hers of New York 


The Technical Sessions 


JOURNAL oF METALS wishes to thank L. L. Seigle 
of General Telephone and Electronics Labora- 
tories and F. N. Rhines of the University of Flor- 
ida for providing reviews of technical sessions of 
the International Powder Metallurgy Conference 


Powder Metallurgy Fundamentals and 
Theory 
Reviewed by L. L. Seigle, General Telephone and 
Electronics Laboratories 

In the morning session, a group of papers were 
presented dealing with the theory of sintering 
These were introduced by George C: Kuczynski of 
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the University of Notre Dame, with a review of his 
classical work on the fundamentals of mass trans- 
port during sintering. In addition to reviewing the 
present status of the theory, Dr. Kuczynski in his 
paper, Theory of Sintering, discussed his recent 
work on the sintering of aluminum oxide single- 
crystal spheres and the striking effect of atmosphere 
on the mass transport processes involved in the 
bonding of such spheres. Sintering Behavior of Or- 
ganic Materials by G. A. Geach and A. A. Woolf, of 
Associated Electrical Industries, Ltd., England; 
Sintering Mechanism of Titania by G. Parravano, H. 
M. O’Brvan, Jr., and V. J. Lee, of the University of 
Michigan: and Sintering of Wire Compacts by A. L. 
Pranatis and L. L. Seigle of General Telephone & 
Electronics Laboratories Inc., brought to bear an in- 
teresting range of experimental data on the funda- 
mental mechanisms of sintering proposed by Kuc- 
zynski and his co-workers. 


Sintering Behavior of Organic Materials 
bv G. A. Geach and A. A. Woolf, Associated Electri- 
cal Industries, (Manchester) Ltd., England. 


In studies of the sintering of a range of organic 
molecules and one organo-metallic compound, 
strong confirmation was obtained of the fact that 
diffusional, rather than creep, processes are essential 
to sintering of powders of such substances. Particles 
of these organic compounds with high moleculat 
weight, in which diffusion is extremely slow, under- 
went no sintering, even at temperatures about 75 
pet of their absolute melting points. The substance 
which were examined underwent creep at these 
temperatures. Hence, it is concluded that diffusional 
processes are essential to particle bonding in these 
materials, and plastic flow does not contribute to 
sintering 


Sintering Mechanism of Titania 
by G. Parravano, H. M. O’Bryan, Jr., and V. J. Lee, 
University of Michigan 


Studies by Parravano and co-workers indicate 
on the other hand, that sintering in titania single- 
crystal microspheres apparently occurs by a plastic 
flow mechanism in the temperature range of 900 
to 1350°C. This was indicated by a kinetic analysis 
of the neck growth data. The authors claim that 
under the experimental conditions used in their re- 
search. the sintering of titania did not involve a 
diffusional mechanism but followed a behavior dif- 
ferent from that previously found for zine and other 
oxides. Neck formation under certain conditions oc- 
curred by the growth of a bridge of whiskers be- 
tween spheres 


Sintering of Wire Compacts 
by A. L. Pranatis and L. L. Seigle, General Tele- 
phone and Electronics Laboratories, Inc 


Careful studies of the sintering of nickel, copper, 
and iron wire compacts by A. L. Pranatis and L. L 
Seigle confirmed that bonding between wires in- 
volved a volume diffusion mechanism in nickel and 
copper at temperatures near the melting points, and 
a surface diffusion mechanism in iron compacts at 
about 0.6 of the melting point. These results support 
the Kuczynski theory. Data on the elimination of 
voids in these wire compacts did not fully confirm 
previous results regarding the influence of grain 


ase 
(KS 
| 
4 
| 
| 


A pioneer in the field Society 
president C. C. Long presents Dr. P 
Schwarzkopf with a plaque commem- 
orating a half century of endeavor in 
powder metallurgy 


boundaries on the process of sintering. Grain bound- 
aries not only seemed to have no influence whatever 
on the rate of neck growth between wires, but had 
varying effects on the rates of shrinkage. This is in 
contradiction to previous results. In the discussion 
period, Kuczynski presented evidence that grain 
boundaries did not affect both neck growth and rate 
of densification. This was followed by a lively de- 
bate on various controversial points. 


Interparticle Contacts in Sintering 
by F. N. Rhines and R. T. DeHoff, of the University 
of Florida 


The afternoon session of the Symposium was con- 
cerned with other aspects of powder metallurgy 
fundamentals and theory. F. N. Rhines and R. T 
DeHoff discussed the geometrical factors important 
in sintering. Both theoretical and experimental evi- 
dence was presented showing that the rate of densi- 
fication is proportional to the number of contacts, 
and the number of contacts remains constant during 
the first stage of sintering. 


Contribution to Liquid Phase Sintering 
by F. Eisenkolb, Technische Hochschule, Dresden, 
Germany. 


Sintering in the presence of a liquid phase was 
discussed by F. Eisenkolb who emphasized the theo- 
retical and practical importance of the introduction 
of liquid phases in accelerating solid-state reactions 
during sintering. Data were presented on the results 
of additions of metallic and non-metallic fluxes and 
slags to pure and alloyed iron powders. The effects 
of these additions on dimensional changes and me- 
chanical properties were discussed. The practical 
utility of sintered powders containing additions of 
sulfides or silicates was a major point of discussion 


Special Type of Activated Sintering 
by J. Wulff of the Massachusetts Institute of Tech- 
nology 


Dr. Wulff pointed out that it has been known for 
some time that the rate of densification of a metal 
powder can be markedly accelerated by the addition 
of a second metal with a higher coefficent of self- 
diffusion. This device can be employed to produce 
sintered bodies of refractory metals, such as tung- 
sten, with densities greater than 95 pct of theoretical 
at temperatures appreciably below those otherwise 
required 


Sintering with a Chemical Reaction as Applied to 
Uranium Monocarbide 

by R. Caillat, A. Accary and I. Duchuissan of the 
French Atomic Energy Commission 


As stated by R. Caillat and co-workers, special 
techniques are essential in preparing uranium Car- 
bide bodies for nuclear reactors. Cold pressing and 
cenventional sintering does not result in a highly 
dense part, but satisfactory results can be obtained 
by hot-pressing mixtures of uranium and graphite 
particles and allowing the uranium carbide to form 
by chemical reaction. A simultaneous application of 
heat and pressure is essential 


A Plastic Flow Model of Hot Pressing 
by J. D. McClelland of Atomics International 


Mr. McClelland discussed the theory of hot press- 
ing. He showed that the rate of densification of 
beryllia compacts under pressure as consistent with 
the theory of Mackenzie and Shuttleworth. This 
shows that the principal driving force for the clos- 
ing of pores during hot pressing is the applied 
hydrostatic pressure, and the mass transport mech- 
anism is plastic flow, as expected 


High Density Sintering of Metal Powder Compacts 
by M. Eudier, Metallurgie des Poudres, France 


Mr. Eudier reviewed the different conventional 
ways of obtaining high-density parts, including 
high-temperature sintering, hot pressing, hot forg- 
ing, rolling, etc. He further discussed other possi- 
bilities, especially the use of ultra-fine powders, 
special atmospheres on thin films, and intermediate 
liquid phases created by small additions such as 
phosphorus, which can later be eliminated 


Microhardness Testing in Powder Metallurgy Re- 
search 

by H. Biickle, Office National d'Etudes et de 
Recherches Aeronautique, France 


The final contribution to the Symposium was 
made by H. Biickle who showed that a comparative 
study of hardness variations can be used to obtain 
valuable information about the structure of hetero- 
geneous or porous bodies. With proper interpreta- 
tion of the variation of microhardness values with 
load, the intrinsic hardness of dispersed phases in a 
matrix can be established. Such measurements also 
can supply a non-destructive determination of the 
thickness and nature of thin protective coatings 
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The paper Sintering of Very Fine Oxide Particles 
Produced by Calcination of Salts by K. Iwase, T 
Takada and T. Hayashi, of the Kyoto University, 
Japan, was not presented due to the absence of the 
authors, but the full text will appear in the pro- 
ceedings of the conference 


Dispersion Strengthening 


Reviewed by F. N. Rhines, head professor of the 
Metallurgical Research Lab.—the University of 
Florida 


The Role of Powder Metallurgy in Dispersion- 
Strengthened Alloy Development 
by C. G. Goetzel and R. F. Bunshah, New York Uni- 


versity 


Applications of the SAP method of hardening 
metals by the incorporation of a fine dispersoid are 
beginning to focus attention upon nickel, iron, and 
copper as carrier metals and upon the highly refrac- 
tory oxides as dispersoids. Goetzel and Bunshah, in 
reviewing the combinations that have been tried 
and the production methods that have been devel- 
oped, pointed out that fineness of the dispersoids is 
of the greatest importance. Strength and hardness 
at high temperature appear to result not only from 
the slip interference afforded by the second-phase 
particles, but also, and to a greater degree, from 
the retardation of the recrystallization and grain 
growth caused by the presence of the dispersoid 
When fine particles become agglomerated by long 
holding at high temperature, they lose their capac- 
itv to prevent grain growth. This holds true even 
after subsequent cold working 


Properties of Nickel Containing Dispersed ThO 
by D. K. Worn of Mond Nickel Co. Ltd. and S. F 
Marton of Renold Chains Ltd 


The foregoing paper was enlarged upon by Worn 
and Marton, whose studies upon nickel hardened 
thoria revealed that the agglomerating ten- 

be controlled to some extent by control- 

he impurity content of the alloy. Similai 

were reported by the Japanese workers, Y 

ai and H. Hirotani of Tohoku University in thei 
paper, Dispersion Strengthened Steels, Particularly 
Heat Resistant Steels. Their studies centered on the 
ferritic and austenitic stainless steels hardened with 


alumina, silica, and magnesia 


Latest Developments In The SAP Process 
by E. A. Block and H. Hug, Aluminum-Industrie 


,.G., Switzerland 


Progre with SAP itself—aluminum hardened 

vith its own oxide—as reported by Block and Hug 

most noteworthy in the field of new applica- 

ions. Many kinds of machine parts, which require 

mechanical stability at high temperature, have 
come into use 


Internal Oxidation of Dilute Solutions of Ni and Cu 
for Dispersion-Strengthened Metal-Metal Oxide 
Alloys 

by N. Komatsu, L. J. Bonis, and N. J. Grant, Massa- 
chusetts Institute of Technology 


ijering technique of producing a harden- 
internal oxidation has been the 
successful study by Grant and 
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his co-workers. Mechanical properties were studied 
both in alloy wires, in which an oxide dispersoid 
was produced by internal oxidation subsequent to 
the forming of the wire, and in sintered alloy pow- 
ders, in which the dispersoid was developed by in- 
teraction between the powder and the atmosphere 
The most promising alloy systems for this applica- 
tion are those in which the oxide that forms has 
high thermodynamic stability, since the finest parti- 
cles are produced by the internal oxidation cf such 
alloys. A problem of considerable difficulty to which 
Grant and co-workers addressed themselves was 
that of avoiding oxide segregation in the sintered 
powder materials. In this area, control of the quan- 
tity of oxidizing element in the alloy is most im- 
portant 


A Theory of Dispersion Strengthening 
by F. V. Lenel and G. S. Ansell, Rensselaer Poly- 
technic Institute 

Lenel and Ansell proposed a new theory to ac- 
count for hardening by dispersoids. The prior theory 
postulates that a dislocation, in order to pass a 
particle, must form a closed loop about the particle 
and then break away. The energy of hardening is 
derived from the dislocation loop formation. The 
new theory proposes that the dispersoid particle 
actually shears (or fractures) to permit the disloca- 
tion to pass, and that the energy of hardening is 
that energy required to shear the particle in the 
path of a moving dislocation. On this bases, the ef- 
fect of particle size on the proportional limit was 
predicted and was shown to conform with experi- 
ments 


Roll Forming of Metal Powders 
by D. K. Pickens, Chemetals Corp 

The important methods of producing finished 
parts by powder metallurgical techniques were re- 
viewed. Pickens outlined the history of roll forming 
of metallic and non-metallic powders, and de- 
scribed, in detail, production equipment currently 
in use. The development of a newly designed rolling 
mill was of particular interest. The mill consists of 
two large rings, driven by smaller rolls adjacent to 
the area of pressure application. The rings serve as 
rolling surfaces, thus providing a radius of curva- 
ture of nearly 6 ft at the pressure points and per- 
mitting greatly increased rolling pressures. In a 
brief discussion of this work, a technique for hot 
rolling of powders was described. Roll-formed pow- 
der strips showed superior strength and ductility, 
in addition to favorable costs, when compared to 
conventionally-produced powder strips 


Hot Extrusion of Metal Powders 
by P. Lowenstein, L. Aronin and A. Geary, Nuclear 
Metals Inc 

Lowenstein et al. described several techniques for 
the hot extrusion of metal powders. Particular em- 
phasis was placed upon the practice of extruding a 
powder held in a metal can. This technique permits 
extrusion of toxic and pyrophoric powders into a 
wide variety of shapes and sizes. The effects of such 
variables as temperature, reduction ratio, particle 
size, and die geometry were briefly discussed 


Hydrostatic Pressing of Metal Powders 
by H. Hirsch and G. E. Van Buren, General Electric 
Co 
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The formation of powder compacts by hydrostatic 
pressing was discussed by Hirsch and Van Buren 
The general technique was outlined and typical 
equipment was described. It was found that de- 
airing the charge has little effect on the resulting 
compact, and that compaction pressures above a 
certain minimum which is characteristic of the 
material result in little change in the properties of 
the finished part. The process may have great ad- 
vantages for large parts, but it is currently not ap- 
plicable to mass production of small parts. The 
versatility of the process—a wide variety of shapes 
can be produced—was emphasized. 


Slip Casting of Metal Powders and Metal-Ceramic 
Combinations 

by H. H. Hausner, Consultant, and A. Poster, 
Sylvania Electric Products Inc. 


Hausner and Poster described the process of slip 
casting metal powders. A correlation was found be- 
tween the pH of the slip, its viscosity, and the green 
density of the resulting casting. A maximum green 
density was obtained from slips having minimum 
viscosity. The properties of slip-cast and sintered 
parts compare favorably with those of pressure- 
compacted powders. 


Explosive Forming of Metal Powders 
by R. S. Cooley, Propellex div., Chromalloy Corp. 


The explosive forming of metal parts was de- 
scribed by Cooley with emphasis upon the variety 
of applications possible. Application of the process 
to the compaction of metal powders was briefly 
described. The process permits the attainment of 
high hardness levels in powder parts without large 
dimensional change. 

A detailed summary of explosive forming tech- 
niques by John Pearson of the US Naval Ordnance 
Test Station at China Lake, Calif., is printed in this 
issue of the JOURNAL OF METALS. 


Lubricants for Powder Metallurgy Parts Manufac- 
turing and Their Influence in Properties 
by E. J. Geijer, Hoeganaes Sponge Iron Corp. 


Geijer explored the effect of varying the amounts 
of several lubricants upon the green density and 
stripping pressure and the sintered properties of 
several metal powders. The type of lubricant used 


f 


in pressing was found to have very little influence 
upon the density and strippng pressure of the com- 
pact form. However, these properties vary markedly 
with the amount of lubricant used. On the other 
hand, properties of the sintered compacts, such as 
hardness and strength, were found to be sensitive 
to both variables 


Large Sintered Bodies and Parts 
by F. Emley, Westinghouse Electric Corp. 


Emley graphically illustrated that most of the 
foregoing methods have no size barrier. Very large 
parts have been pressed and sintered and size limits 
upon most compacting processes are not yet in 
sight. Powder mteallurgy has great economic ad- 
vantages in the fabrication of larger sized parts 


Wednesday sessions 


On Wednesday the Symposium on Powder Metal- 
lurgy Alloy, Materials, and Applications brought 
forth a number of outstanding papers, and JOURNAL 
or METALS regrets that it was unable to arrange for 
coverage of this session. However, two or three of 
the best of these papers will be published in full 
in a forthcoming issue 


Conclusions 


The 20th century has seen the powder metallurgy 
industry grow from infancy to a state approaching 
maturity. Research activities of the last few decades 
have culminated in such processes as continuous 
powder rolling, slip casting, and indirect sintering 
of large tungsten and molybdenum ingots—in addi- 
tion to the production of cermets and SAP materials 

Mr. Powder Metallurgy, Paul Schwarzkopf, pre- 
sented a clear picture of the need for continued re- 
search in his keynote address. He stated that 
- during the last 50 years, we answered quite a 
few questions and solved quite a few problems. But 
there are many unanswered questions left. Some of 
these will be answered in the course of this con- 
ference, but the number of questions left will not 
become smaller. A wise man once said that know- 
ledge is like a sphere—the larger the sphere, the 
more are the points of contact with the unknown.” 

The International Powder Metallurgy Conference 
did provide many answers to important questions 
and the sphere became larger 
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MAX PLANCK INSTITUTES 
FOR METALLURGICAL RESEARCH 


This is another article in the JourNAL or Metats’ series on important European metallur- 
gical research centers. Previously published articles dealt with the Belgian National Met- 
allurgical Research Center, CNRM, and the British Iron and Steel Research Association, 


BISRA 


| 1. The Max-Planck-Institut fur Eisenforschung , 
| Dusseldorf, Germany. 


by W. Wepner 


» Max-Planck Institut flr Eisenforschung (fer- The area of the Institute’s work encompasses basic 
rous research) in Diusseldorf, Germany, was and applied research in the chemical and physical 


founded in June 1917 by representatives of the Ger- metallurgy of iron and steel production, shaping, 
E man iron and steel industry, called together by the and forming. A practical point of view is achieved 
Verein Deutscher Eisenhiittenleute. The Institute by the work of the Institute’s scientists and engi- 
was later joined with the Kaiser-Wilhelm Society neers with the divisional committees of the Verein 
today the Max-Planck Society for the Advancement Deutscher Eisenhuttenleute 
of Science—in order to ensure freedom in scientific The Institute in Dusseldorf is divided into a series 
matters from outside interest groups of laboratories whose work is generally either self- 
contained or carried out in conjunction with other 
W. WEPNER is a member of the scientific staff of the Max laboratories of the organization. Activities are 
Planck-Institut fir Eisentorschung, Dusseldorf, Germany carried on for other Max-Planck laboratories on an 
" The Max-Planck Institute for Ferrous Research exchange basis, according to the special facilities 
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available in each particular unit, e.g. chemical anal- 
yses, microscopic research, and mechanical testing 
Finally, cooperative work is carried out with the 
technical committees of the Verein Deutscher Eisen- 
hiittenleute and the individual plants. Results of the 
work is—in accordance with the charter of the 
individual Institute—made available through pub- 
lication. At present, some 280 persons—of whom 60 
are scientists and engineers—are employed at the 
Eisenforschung Institut. 


Research program 


While the general objectives of the Institute have 
remained unaltered since its founding, the emphasis 
in certain fields has changed in many ways. In the 
last 15 years, physical metallurgy has moved for- 
ward, and physical methods of measurement have 
been used increasingly. It is impossible to review all 
of the Institute’s work here; so, only projects to be 
completed shortly or still underway shall be men- 
tioned 


For most basic research work, the purest iron 
possible is desired as a raw material. In addition to 
determining the characteristics of pure iron and its 
changes through minute alloying, research on the 
production of very pure iron in high vacuum has 
been performed. Investigation of further purification 
through zone melting is underway 


The steel worker, of course, has a constant in- 
terest in the fastest possible analysis procedure to 
control the various steelmaking processes. A group 
in the chemical laboratories is studying improve- 
ments of known analysis techniques and the devel- 
opment of new ones in order that the speed of the 
procedure may be made as rapid as possible 


For a number of years, the electrolytic isolation 
technique has been used for chemical-metalluryical 
research. The Institute examined experimental con- 
ditions in detail and several techniques were devel- 
oped to separate the constituent parts of the isolated 
phases. The deposit is examined micro-chemically, 
with X-ray and electron microscope. Electrochem- 
ical work is concerned with stress corrosion, partic- 
ularly in steel reinforcing rods, as well as with pit 
corrosion. 


Mechanical working 


Mechanica] working processes—cold and _ hot 
rolling, deep drawing (or cupping), wire drawing, 
rod drawing, and ramming—are the object of ex- 
haustive research. Recently the question of the 
suitability of various greases, rolling oils, and 
rolling oil emulsions was investigated. A study of 
wear on drawing tools was carried through with the 
help of some drawing tools that, by irradiation in an 
atomic pile, had become radioactive. Surfaces of 
pulled rods picked up particles from the drawing 
blocks which could be measured with a scintillation 
counter 


An extensive research project concerning the 
mechanical and electrical power supplies of cold- 
and hot-rolling equipment under operating condi- 
tions is being carried out in various rolling mills 
The rolling mili technical organization of the Verein 
Deutscher Eisenhiittenleute, as well as firms produc- 
ing rolling mills and electrical driving mechanisms, 
are cooperating in this venture. 


Fracture 


For the application of steels to construction pur- 
poses, behavior under multi-axial stress and sus- 
ceptibility to brittle fracture, particularly at low 
temperatures, is being examined. Typical tests in- 
clude tensile tests on tubular pieces under equi- 
lateral internal pressure. Extensive creep-rupture 
experiments, continuing over several years, should 
clarify the behavior of ferritic and austenitic steels 
by continual stress at raised temperatures, Struc- 
tural changes are observed microscopically, electro- 
microscopically, and with the aid of electrolytic 
isolation techniques 


The behavior of steels under alternating or vibrat- 
ing stresses is examined through continual vibrat- 
ing tests at various temperatures—-again using 
combined metallographic and chemical techniques 


Transformation studies 


For many years work has continued on transfor- 
mation characteristics and transformation kinetics, 
segregation incidence, and segregation kinetics of 
steels. Extensive dilatometric measurements were 
the basis for drawing up TTT diagrams; these dia- 
grams, drawn up for standard German steels, were 
published under the title, Atlas zur Warmebehand- 
lung der Stahle 


The time factor in transformation.and segregation 
is determined by various methods, including mag- 
netic susceptibility, measurements of internal fric- 
tion, and micro-calorimetric measurements. By the 
latter technique, the small quantity of time-depend- 
ent heat given forth is measured. For that purpose, 
water-vapor thermostats under the constant pressure 
of boiling water were built and erected in an air- 
conditioned room, thereby making a very exact 
reference temperature possible. In the interior of the 
thermostats, the metal block, eontaining the measur- 
ing cell, is maintained at the test temperature with 
the aid of regulated direct current. Through these 
arrangements, measurements of the precision of a 
thousandth part of a degree per day are reached 
The heat produced is thermoelectrically measured 
with a differential technique and recorded. 


In the field of non-destructive testing, the evalua- 
tion of indicated flaws by irradiation and the 
identification of flaws as influenced by test condi- 
tions, is investigated by X-ray. Betatron-produced 
X-ray and radioactive isotopes are also used in this 
work. 


Atomic structure 


Atomic structural research utilizing X-rays is 
concentrated on the strain and distortion phase in 
polycrystalline samples. For these tests, the most 
exact measurements of X-ray line intensity distri- 
bution is necessary. As a consequence, an X-ray 
geniometer with a scintillation counter and a dif- 
ferential discriminator was established: ; this system 
is superior to the formerly-used photographic 
methods and Geiger-Miiller counters. Electron and 
neutron diffraction techniques are also used for 
structural analysis 


The neutron spectrometer is temporarily located 
at the Belgian atomic center in Mol. But it will be 
placed in the soon-to-be-completed atomic research 
unit in North—Rhine Westphalia in Germany 
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2. 


by Werner Koster 


The establishment of an institute for metallurgical 
research within the framework of the Kaiser- 
Wilhelm-Gesellschaft zur Férderung der Wissen- 
schaften (Kaiser-Wilhelm-Society for the Advance- 
ment of Science), the predecessor of the present 
Max-Planck-Gesellschaft (Max Planck Society), 
was initiated before World War I. However, the 
realization of these plans became possible only 
several years after the end of that war 

The history of the former Kaiser-Wilhelm-In- 
stitut fur Metallforschung and the present Max- 
Planck-Institut fiir Metallforschung (Max Planck 
Institute for Metallurgical Research) may be 
divided into three periods. The first period began 
with the opening of the Institute in Berlin-Neu- 
babelsberg in the year 1921. In the following year, 
shortly after the death of its first director, Emil 
Heyn, financial consideration forced the Institute 
to move into another suburb of Berlin: here it re- 
mained until 1933. During those early years of its 
existence, operations were supported exclusively by 
funds contributed by the German metals industry 
But, again in 1933, financial difficulty forced the 
research establishment to close temporarily. Thanks 
to the joint efforts of industry, science, and the 
public, the Institute was re-established the follow- 


WERNER KOSTER is the director of the Mox-Planck-Institut fir 


Metallforschung, Stuttgart, Germany 
* The Max-Planck Institute for Metallurgical Research 
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The Max-Planck-Institut fur Metallforschung, 


Stuttgart, Germany. 


The Special-Metals Division of the 
Max-Planck-Institute fiir Metall- 
torschung 


ing year—this time in Stuttgart. The opportunity 
to combine the new research facilities with the 
existing laboratories of the Stuttgart Technische 
Hochschule (Stuttgart Technical College) played an 
important role in the relocation 

The Stuttgart Institute originally embraced three 
constituent institutes: Institut fiir Metallkunde (In- 
stitute for Metallurgy), Institut fiir physikalische 
Chemie der Metalle (Institute for Physical Chem- 
istry of Metals), and Institut fiir Metallphysik (In- 
stitute for Physical Metallurgy). The leaders of 
these departments were associated with the Tech- 
nische Hochschule and this close co-operation re- 
mains characteristic today, with four of the five 
leaders in charge of the constituent institutes hold- 
ing posts at the Hochschule and numerous students 
performing their scientific work in the laboratories 
of the Institute 


Post war developments 

Considering the serious losses sustained by the 
Institute during and after World War Il-in which 
most of the buildings and equipment were des- 
troyed—the constant growth since its re-opening is 
truly remarkable. The number of persons com- 
prising the permanent research staff increased from 
the pre-war 10 to the present 25 

Although specific research projects and methods 
changed with time, the Institut’s basic purpose has 
remained the same throughout its 40-year existence. 
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That purpose encompasses the scientific research of 
the chemical and physical properties of metals, 
together with investigations into methods of metal 
extraction and working. Emphasis centers mainly, 
but not exclusively, on nonferrous metals. Within 
the limitations of this article one can only mention 
several examples in order to give an impression of 
the variety of fields and goals with which the In- 
stitute has associated itself through the years 


Structural studies 


Research into alloy constituents has played a 
prominent role. In the beginning the main interest 
lay in binary systems, but later it was transferred 
to three or more constituent systems. With the help 
of constantly improving methods of physical meas- 
urement, research was concentrated on the heat 
treatment of alloys—where precipitation hardening 
commanded the greatest attention. In the early days, 
detailed studies were conducted on the nature and 
kinetics of cold-precipitating aluminum alloys. 
These studies are outstanding examples of the close 
co-operation between the various research groups 
of the Institute. The typical metallurgical investiga- 
tions were supplemented with extensive studies by 
X-ray techniques on the structure of Guinier- 
Preston zones, which originate in the process of 
cold-precipitation hardening. X-rays were used to 
investigate other theoretical-physical phenomena to 
learn more about the thermodynamics and the 
atomic structural changes of the underlying basic 
mechanisms. In this connection, recent studies (with 
the help of electrical resistance and Hall-effect 
measurement) on the phase transformation of 
several alloys should be mentioned 

Structural studies, based on X-ray and electron 
bending techniques to describe alloy phases have 
been conducted for years. Through this project, 
deviation from the regular crystal structure in form 
of discontinuities or the so-called dislocations be- 
came especially interesting. Among structural 
studies, the investigations on solid-amorphous mate- 
rials and metal slags should also be mentioned 


Metal physics 


Intense interest has also been shown in the field 


of metal physics, and its growing significance 
prompted extensive enlargement of research facili- 
ties during the last decade. Theoretical investiga- 
tions using electrons (the beginnings of which can be 
traced back to the 1930's) to understand the binding 
and structural relations of metals recently laid em- 
phasis on the phenomena of ferromagnetism and 
transport processes. The decisive influence of lattice 
imperfections was recognized early, and many 
theoretical and experimental works made substan- 
tial contributions to the knowledge of lattice im- 
perfections and their influence on different metal 
characteristics 

The following can be mentioned as examples of 
the application of theory to practice: the displace- 
ment theory of form-hardened crystals, the inter- 
pretation of radiation damage, and the influence of 
lattice imperfections on the ferromagnetic proper- 
ties. Discontinuity effects contributed to the under- 
standing of precipitation and transformation proces- 
ses—as in the case of cobalt transformation, 
martensite formation, and nucleation in the solid 
phase. 


To illustrate the variety of investigations on the 
properties of metals and alloys, further examples 
may be cited: study of relation phenomena by meas- 
urement of mechanical damping, investigation of 
elastic constants and their dependance on tempera- 
ture, and projects concerning technical properties 
and surface protection of different alloys 


Magnetic properties 

In recent years, considerable time has been spent 
in studying the relation between structure and 
magnetic properties, resulting in the knowledge of 
the permanent magnetism of alloys. This work 
precipitated the investigations of the relationship 
of residual stress to the shape of the magnetization 
curve. It has lately been concentrated on the in- 
fluence that dislocations exert on magnetic proper- 
ties. These studies serve as a starting point for the 
interpretation of the magnetic phenomena on the 
basis of the strain hardening mechanism, and con- 
tributed to the explanation—likewise developed in 
the Institute—of residual stress through magnetic 
properties. These studies produced the interpretation 
of magnetic phenomena with the help of the strain- 
hardening mechanism; furthermore, they contrib- 
uted to the theory (Institute developed), explain- 
ing residual stress through displacement processes 
Extensive attention also has been given to the 
influence of gases and their effect on the properties 
of metals. 


Plasticity 


Another field cultivated since the founding of 
the Institute is the shaping and forming of metals 
This work—still in Berlin~on the plasticity of 
single crystals resulted in the classic findings on the 
deformation mechanism. Recent investigations by 
means of the displacement theory and precise 
experimental methods, such as the electronmicro- 
scopic investigations of surface phenomena, suc- 
ceeded in providing an understanding of the defor- 
mation process in simple crystal structures. 


In order to clarify the deformation in multiple 
crystals, measurements on the deformation and 
residual stresses of the single crystallite are in 
progress. The X-ray methods used for this purpose 
are based on the process developed by the Max- 
Planck-Institut and applied to many problems 
throughout the years 


Other studies 


In summary we may mention the studies of; 
viscosity and conductivity of molten metals, crystal 
growth and development in the microstructure, 
stress corrosion, and electrochemical phenomena of 
metallic electrodes. Likewise, it is impossible to go 
into details about the work on the dosimetry of 
ionizing radiations which originated in related 
problems of X-ray application, investigated by 
Stuttgart for the past several years with remark- 
able results 


In view of the increasing importance of the special 
metals—especially those used in nuclear power re- 
actors—a new department was set up to investigate 
their properties. The research of special metals will 
thus also bring the Max-Planck-Institut into this 
important field of metal science 
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SOVIET METALLURGICAL AND 
CERAMIC JOURNALS -- 


A Selected List 


he scientific and technical literature of the USSR 
Tis experiencing an explosive growth at least 
equal in rate to that occurring outside the Soviet 
sphere. Moreover, there has been an increased flow 
of Soviet publications to the United States. As a 
result, a bewildering number of journals, published 
in the Soviet Union, are now available in this 
country 

This paper is essentially a compilation of the 
titles of metallurgical and ceramic journals that 
currently are available in the US, and which may 
be of interest to scientific or engineering personnel 
Specifically excluded from the list are serial pub- 
lications, which appear at irregular intervals and 
are not classified as journals. 

In this list the titles are arranged alphabetically 
according to the English alphabet. Each entry in- 
cludes, besides the transliterated title, a) the title 
of the journal in English; b) the frequency of issue; 
c) the current cost per year of the journal in the 
original language; d) an identification of the original 
language of the journal; e) an abbreviation designat- 
ing the translating agency, if any; and f) the cost- 
per-year of the translation subscription 

About 72 technical journals in the languages of 
the Soviet Union (mostly Russian) are currently 
being translated from cover to cover. Of these 72, 
11 are of sections of Doklady Akademii Nauk SSSR, 
four are of sections of Izvestia Akademii Nauk SSSR, 
and two are sections of Referativny Zhurnal. Thus, 
a total of about 55 separate Soviet journals is regu- 
larly being made available in English. The delay 
between an original issue and its translation varies 
widely, but is in general from six months to a yeai 
The key to translating agencies includes the address 
of the agency. Subscriptions to the translation may 
be placed directly with the agency 

We believe this list of metallurgical and ceramic 
journals is as complete and accurate as is practical, 
consistent with its being usefully brief. Published 
sources of Soviet science literature are themselves 
often incomplete, inaccurate, and contradictory. It 
should also be borne in mind that the information 
in this article is subject to change. Nonetheless, the 
listings should be helpful as a general guide 


Language symbols 


Non-Russian journals Russian 
language abstracts; This is indicated by an R after 


sometimes have 


J. W. CORBETT and J. B. NEWKIRK are with the General 


Electric Research Laboratory, Schenectady, N. Y 
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the primary language symbol. 


R Russian 

Ar Armenian 

Az Azerbaidzhan 
B Belorussian 
G Georgian 

L Latvian 

U Ukrainian 


Translation agencies symbols 
AIP American Institute of Physics, 

335 E. 45th St., 
New York 17, N. Y. 
The Secretary, Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W. 1, England. 
BWRA British Welding Research Assn., 

29 Park Crescent, 

London, W. 1, England. 
CB Consultants Bureau, 

227 W. 17th St., 

New York 11, N. Y. 
HB Henry Brutcher, 

Technical Translations, 

P.O. Box 157, 

Altadena, Calif 


BISI 


ISA Instrument Society of America, 
313 Sixth Ave., 
Pittsburgh 22, Pa. 
P Pergamon Press, 
122 E. 55th St., 
New York 22, N. Y. 
PERA Production Engineering Research Assn. 
of Great Britain, 
Stavely Lodge, 
Melton Mowbray, 
Leicestershire, England 


Original language journal subscription 
agencies 
Subscriptions for the journals in the ORIGINAL 
language can be placed with the following agencies: 
1. Victor Kamin, Inc., 
2906 14th St., N.W., 
Washington 9, D. C. 
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2. Imported Publications and Products, 


4W 


16th St., 


New York 11, N. Y. 


3. Four Continent Book Corp., 
822 Broadway, 


New York 3, N. Y 


4. Cross World Books and Periodicals 
Chicago Ave., 


56 E 


Chicago 11, Illinois 


5. Collett’s Holdings Ltd. 
44 & 45 Museum St., 
London, W.C. 1, England 


Journal 


Atomnaia Energiia 
Atomic Energy 


Prilezhenie k “Atom- 
naia Energiia”™ 
Supplement to “Atomic 


Energy’ 
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steel shapes. 


by F. Weston Starratt 


controlled-pressure technique for pouring rail- 
A way-car wheels, developed by Griffin Wheel Co., 
subsidiary of American Steel Foundries, may be the 
answer to the casting of semi-rolled steel shapes, 
thus bypassing soaking pit, and primary rolling 
operations. U.S. Steel Corp. feels that the idea has 
considerable merit and has reached an agreement 
with Griffin Wheel whereby experimental casting 
of semi-rolled shapes on a pilot-plant scale is taking 
place at its South Chicago works. 

Development of the pressure-pouring technique 
dates back more than a decade to the time when 
Griffin was struggling to maintain its position in the 
competition between cast-iron, forged, and cast-steel 
railway wheels. Costs of cast-steel wheels had to be 
lowered, while at the same time a more uniform pro- 
duct made on a production-line scale was required. 
Thus, came about the idea of pressure pouring on a 
semi-automatic basis. Pilot-scale development began 
in 1950, and by 1953 commercial production was 
underway, first in Chicago and later at five Griffin 
plants in North America. Output is now on a pro- 
duction-line basis, with as few as three men operat- 
ing one line. More than 1,000,000 wheels have been 
cast by the pressure pouring technique 


Casting car wheels 


Before moving on to possible steel-mill applica- 
tions, a look at the pressure-pouring technique as 
applied to foundry practice is in order. Griffin uses 
semi-killed steel containing 0.70 pct C and 0.70 pct 
Mn. Ten to 15-ton ladles are employed 

At a Griffin's pouring line, a ladle containing 
molten steel at about 2900°F is lowered into position, 
and, at the same time, the attached pouring tube 
drops into the molten steel. The chamber is sealed, 
and the only accesses are the vertical, refractory 
pouring tube, which extends to the bottom of the 
ladie, and connections with the pressure system. A 
permanent graphite mold is secured to the top of the 
chamber lid and connected to the pouring tube. At 
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PRESSURE-POURED STEEL 


A technique, now being used to cast steel railway wheels, is undergoing 
pilot-plant operations designed to test its applicability to cast semi-rolled 


A key to lower-cost steel mill operations? 


the turn of a switch, a predetermined pressure is 
automatically applied to the chamber. Steel rises in 
the pouring tube, flooding into the wheel mold. When 
the mold cavity has been filled, a refractory plunger 
shuts off the metal flow, and the mold is removed 
from above the chamber. The next mold is then 
secured to the chamber lid, and the process is re- 
peated until the level of the steel in the ladle is 
within 3 in. of the bottom of the tube. Pouring of 
the 16-ton ladles used at Griffin’s Kansas City plant 
requires 40 min. 

After a short cooling, the top of the mold is re- 
moved and the car wheel is grabbed by a conveying 
mechanism to be transported to machining and in- 
specting areas. 


Not only is the pouring operation automatic, but 
cleaning of the castings has been practically elimi- 
nated, and only the bore of the wheel requires ma- 
chining. With human judgment minimized and uni- 
form casting pressures maintained, a much more 
standardized product is the result, and rejections 
have been reduced to a mere fraction of those of 
older techniques. Casting tolerances are extremely 
good, and easily meet the limit of 1/48 in. for a 33 
in. diam wheel. 


Besides Griffin, the only other firm utilizing the 
pressure-pouring technique is Lebanon Steel 
Foundry, to whom Griffin has granted a license 
Lebanon is using the technique to produce a variety 
of castings, including turbine blades and valve 
bodies. Because of the variety of shapes cast, produc- 
tion is not on the same production-line basis as at 
Griffin. 

Production of steel castings by pressure pouring, 
thus, has achieved commercial success. Perhaps the 
most difficult problem has been the life of the re- 
fractory pouring spouts required to handle molten 
steel up to 2900°F. After considerable research, 
pouring tubes have been developed with lives vary- 
ing from three to thirteen heats. 
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Right, view of operations 

wheel at left has just been 
poured. Crane at left removes the 
cope, while crane at right re- 
moves a previously-poured wheel. 


Applied to steel mills 


Application of the pressure-pouring process to 
the casting of semi-rolled shapes has been the sub- 
ject of considerable investigation by Griffin’s metal- 
lurgists, even prior to U.S. Steel’s interest in the 
technique. The objective has been the elimination of 
high-cost primary rolling mills and soaking pits. 

Many types of steel have been used in Griffin's ex- 
periments; they have varied in carbon content from 
0.10 to 1 pet, and have included stainless types and 
boron steels. Perhaps the greatest interest has been 
in casting slabs, and Griffin has cast slabs measuring 
5x37.5 in. x 15 ft from low-carbon steels. Stainless 
steel slabs also have been cast, and tube rounds up 
to 6 in. in diarn have been cast without segregation. 
With reference to billets, experimental work has 
shown the possibility of casting 3x3 in. x 30 ft shapes 
from 150-ton heats in 40 min. Thus, pouring is 
rapid and stripping can also be accomplished with 
considerable speed. 


Left, a close-up view of the pour- 
ing tank and cover. 


These semis have been characterized by good sur- 
face finish, practically eliminating the necessity of 
searfing and other surface treatment. One problem 
is that of center-line shrinkage; in practice it will 
probably necessitate a sealing of the ends of the 
cast shape in order to prevent oxidation stringers 
from forming. Because of this shrinkage, finished 
rolled shapes can not be cast. However, it appears 
likely that subsequent rolling can produce steel pro- 
ducts of a quality equivalent to present commercial 
practice 

The difference between pressure pouring and pres- 
ent techniques appears to lie both in capital costs for 
steel-mill equipment and in production costs en- 
countered in soaking pit, rolling, and scarfing opera- 
tions. A further saving would result from increased 
yield of usable metal, resulting from an elimination 
of hot tops and cropped ends of semi-rolled shapes. 

U.S. Steel's pilot-plant work in the next two years 
should answer the question of whether pressure 
pouring can be applied commercially to steelmaking. 
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What are the, 


COMBINED EFFECTS OF 


TEMPERATURE AND VERY HIGH PRESSURE 


ON METALS? 


The inception of high-pressure, high-temperature operations has opened 
many new avenues of investigation. The author discusses the possible effects 


of both on electrical resistance, ductility, hardening, and other mechanical 


and structural properties of metals. 


by R. B. Fischer 


(> of the greatest potential fields for metallurgi- 


cal research was opened when means were de- 
veloped to apply high temperatures to materials 
under very high pressures. The background for the 
ubject was built over the years by the integrated 
efforts of many individuals, but the development of 
apparatus by General Electric Co. fired the imag- 
ination of reseachers 
To those whose routine efforts are devoted to 
producing and marketing a metal product, there 
will be an understandable reserve about getting 
excited over this subject, since the high-pressure, 
high-temperature cells available to date are small 
On the other hand, the Engineering Supervision Co 
recently offered to provide considerably larger cells 
than those used to date. No technical barriers seem 
to bar the construction of larger cells when needed: 
therefore, there is little cause for concern on this 
particular point 
More important is the question of what can be 
accomplished by the use of combined temperature- 
pressure operations. Here researchers, now ade- 
quately equipped, are striving for answers. Their 
efforts will bear close observation, because the re- 
sults might bring about a drastic change in mate- 
rials as we now know them. The use of high-tem- 
perature, high-pressure apparatus in studies of 
materials is so vast as to appear limitless. Facing 
this scope of possibilities, can one honestly main- 
tain doubtful reservations about the potential of 
this subject? Advances are being made already in 
developing basic knowledge which will, at a mini- 
mum, feed back to help understand and improve 


present processes 


Effects on melting temperatures 


For practical purposes, the melting temperature 
of a metal has long been treated as a constant. For 
example, temperature calibrations are based some- 
times on the melting point of a pure metal. In the 
future, it is likely that the question, “What is the 
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melting temperature of iron?”, will be recognized 
by technologists as demanding the counter question, 
“At what pressure?”. Recent work described by 
Strong” illustrates the point. Strong’s work and 
others” **”, has been used in Fig. 1 to show the 
relationship of melting temperatures versus pres- 
sure for several metals. 

At this time, the Clapeyron-type equation, dT/dP 

(AV)/L, is useful for predicting the effect of 
pressure on melting temperatures The expression 
dT/dP is the change of melting temperature with a 
change of external pressure. If the proper units of 
T,,, the melting point at zero pressure, AV, the vol- 
ume change on melting, and L, the latent heat of 
fusion, are substituted in the equation, fairly good 
estimates can be made. For those metals that ex- 
pand on melting, an increase in pressure generally 
results in a higher melting temperature, since pres- 
sure tends to prevent expansion (and melting) 
This situation is overcome by increasing the tem- 
perature to the extent that melting can occur. In 
general, an opposite relationship exists for those 
metals that contract on melting: an increase in 
pressure lowers their melting temperature. 

There is a question as to the extent that these 
relationships hold as higher pressures and tempera- 
tures, not yet attainable in present apparatus. It is 
known for bismuth, that the melting temperature 
decreases with increasing pressure to a point where 
the metal transforms into a new solid phase. This 
new phase has a melting temperature curve which 
then increases with pressure. The melting tempera- 
ture curve for rubidium increases with pressure to 
a maximum and then decreases, but this is unusual, 
as Strong™ has indicated. For other metals, melting 
temperatures have been found to increase or de- 
crease as expected up to the limits of present ap- 
paratus. Will these relationships continue; will 
phase transformations occur; and what are the ulti- 
mate results of pressure application to metals? 
These are interesting questions for conjecture, but 
what can be done with the knowledge already at 
hand on the effects of pressure on melting tempera- 
ture of metais? 
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So far as is known, no industrial use has been 
made of the information that melting temperatures 
of metals may vary with pressure. The author's 
opinion is that, in time, uses will develop as the 
facts become better known and people dwell on 
possible applications. 

Melting temperature information is of importance 
in gaining new information about the solid and 
liquid states of metals. It increases our scientific 
understanding of metals, and, in turn, this informa- 
tion should feed back to promote better industrial 
processes. 

One scientific area may be cited in which melting 
temperature versus pressure data are important. In 
Strong’s article’, he shows how geophysical infor- 
mation of the Earth’s structure is being advanced 
Previously, data on the melting temperatures of 
iron were extrapolated to build theories on the core 
structure of the Earth. New high-pressure data have 
shown there was considerable error in the extrap- 
olations. Because of the limits of present pressure 
apparatus, extrapolation is still necessary, but ac- 
curacy has been improved, and old formulae can be 
revised to match more realistic values. Much more 
work is needed, but significant progress has resulted 
from the recent high-pressure, high-temperature 
work. 

Melting temperature data are valuable to re- 
searchers involved in high-pressure studies. Strong 
has pointed out that thermocouples might be used 
in high-pressure apparatus at temperatures higher 
than the melting points of the thermocouple metals! 
As another example, a platinum heating element or 
structure in a high-pressure device might be re- 
tained in the solid state at 3700°F, although we 
usually think of platinum as a liquid at about 
3225°F. Molten germanium at the relatively low 
temperature of 1000°F might be brought into con- 
tact with another material, if desired. Usually, a 
temperature of about 1650°F is considered neces- 
sary to melt germanium. Aluminum and germanium 
have the same melting temperature at about 325,000 
psi. Thus, limitations of commonly expressed con- 
stants for melting point can be removed to some 
extent from research activity 

Another use of melting temperature data is in the 
design of new high-pressure cells. For example, 
liquid germanium could be confined under pressure, 
and, by cooling it below its freezing temperature, 
very high pressures could be produced. As Ha!l 
has mentioned, the behavior of germanium is such 
that it is an excellent standard for very high-pres- 
sure calibration work. 


Effects on phase changes and shifts 


Several outstanding effects of pressure on phase 
changes of metals have been found. Butuzov™ has 
presented the phase diagram of bismuth with pres- 
sure as a factor as shown in Fig. 2. Such data are 
useful in the calibration of high-pressure, high- 
temperature devices. Methods are being developed 
to determine the crystal structures of the bismuth 
phases. These phase changes are reversible; there- 
fore, X-ray diffraction data must be obtained while 
the metal is under pressure. The uses of a diamond 
cell for such studies has possibilities. 

Hall” has reported that a hitherto unknown form 
of tin has been produced at high temperature and 
high pressure. No doubt other new phases in metals 
will be found in the future. 


Fig. 1—Melting 
temperatures of 
several metals at 
various pressures. 


Fig. 2 Phase dic- 
gram of bismuth 
(Ref. 3) 


Fig. 3—Effect of 
pressure on 
phases of iron 
(Ref. 1) 
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Before high-pressure, high-temperature data 
were available, calculations were made on the 
transformation of a to y iron under high pressure 
The calculated values were used to help explain the 
history of meteorites. Laboratory data, such as that 
given by Strong reveal that the theoretical values 
do not check with the measured values (Fig. 3) 
From this information, theory can be revised and a 
better understanding of meteorites obtained. Pos- 
ibly, the information on meteorites will assist in 
solving re-entry missile problems 

The @ to y transformation temperature of iron is 
lowered by high pressure, as expected. (Alpha to 
gamma involves a contraction, which should be 
favored by pressure.) This effect will be studied 
intensely in the future because of the basic import- 
ance of this transformation to the steel industry 
Efforts are now under way on such studies with the 
with better prop- 
erties. One good possibility is that the use of high 
pressure during heat treatment of steels should re- 
ult in finer-grained steels with better properties 
This is based on the principle that less grain growth 
hould occur at the lower transformation tempera- 
tures possible with high pressure 

Hall” has mentioned a heat treatment of steel 
under high pressure. The steel is raised to the trans- 
formation temperature, and pressure is applied 
uddenly to freeze the new structure. Exceptional 
ductility and through hardening are claimed 


objective of developing steels 


In addition to forcing materials into new phases 
(e.g., the reversible phases of bismuth) and the 
transformation temperatures, high 
pressure can be expected to cause shifts in compo- 
ition from those limits now established on consti- 
Thus, high pressure adds to the 
two-dimension binary diagrams, but it 
complicates the presentation of ternary 


lowering 


tution diagrams 
present 
certainly 
and higher diagrams 

Phase shifts may offer opportunities, for example, 
in increasing the solubility of one metal in another! 
This could result in enhanced precipitation harden- 
ing of certain alloy systems and added corrosion 
resistance. Compositions of alloys may be shifted, 
esulting in an alloy that is less brittle than its 
counterpart of like composition made at low pres- 
ure 

High pressure may be a means of producing al- 
loys containing a volatile constituent, an otherwise 
difficult and sometimes impossible accomplishment 


Effects on structural features 


Casual observation with the aid of a microscope 
reveals that there are sizeable flaws in most mate- 
rials. Such flaws may or may not be harmless. Voids 
or fissures, difficult to avoid in ordinary processing, 
might be closed or removed by use of high-pressure 
devices 

A tendency toward disorder of atom arrange- 
ments is produced in general when the temperature 
of a metal is raised. Disorder to some extent can be 
considered a natural condition in metals. There is 
an effort to make specimens of a more orderly 
structure; tiny metal whiskers are examples. These 
are in the form of very fine fibers and are considered 
to contain few dislocations. High pressure may be 
a means of providing an ordered structure in a body 
of large dimensions, in that pressure might assist 
in moving atoms toward ordered positions. It is 
possible that elevated temperatures to provide atom 
mobility would be necessary. One approach would 


702—JOURNAL OF METALS, SEPTEMBER 1960 


be to allow metals to solidify very slowly under 
high pressure. A thin section of a metal with a per- 
fectly ordered structure might have high-strength 
properties, no ductility at room temperature, and 
unusual toughness characteristics. 

The conventional preparation of non-ductile metal 
compounds, such as tungsten carbide, must result in 
far-from-perfect crystals. Flaws are apt to result 
from the cooling stresses set up in the non-ductile 
crystals. The values obtained from property meas- 
urements on such imperfect crystals are likely to be 
lower than those obtained on sound crystals. High- 
pressure apparatus might be used to prepare sound 
crystals of compounds. For example, the crystals 
could be subjected to high pressure, heated in- 
tensely, cooled, and then returned to atmospheric 
pressure 

Complete removal of voids from bodies made 
from metal powders is most difficult. The use of high 
pressure should nearly eliminate voids. There is the 
possibility of encapsulating powders in an evacu- 
ated container and subjecting the assembly to very 
high pressure and the necessary temperature for 
maximum densification 

For a considerable time, the effect of pressure on 
semiconductors has been of interest. Lattice spacing 
has an influence on semiconductor energy bands. 
Long” noted that the density and mobility of elec- 
trons may decrease with pressure. The resistivity 
and Hall coefficient may rise with increasing pres- 
sure. For one p-type silicon crystal, Ryabinin"’, 
et al., reported that the electrical resistance was re- 
duced with increasing pressure. 

Vereshchagin and Zubova™ noted that pressure- 
induced viscous flow of materials, including metals, 
is affected only by the number of external electrons 
present in the atom. They reported that the critical 
shear stress, which is inversely proportional to 
compressibility, is independent of type of crystal 
lattice and total number of electrons per atom. 


Reaction rates and diffusion 

New studies can be made on the reactions of 
metals with other substances under high pressure. 
It will be interesting toe learn of the extent to which 
such reactions can be prevented or forced to proceed 
or reverse. The relative volumes of the reactants 
and products are expected to permit an estimate of 
the influence of high pressure on such reactions. 

Diffusion rates are very likely to be influenced by 
high pressure. In the case of self-diffusion, there 
are indications that pressure has a retarding effect. 
This seems reasonable because pressure should 
crowd the structure and thus make self-diffusion 
more difficult 
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Phases and Processes 


The first session of the AIME 
Columbium symposium was devoted 
to various aspects of the fabrication 
of columbium and its alloys. The 
opening paper was presented by 
P. J. Gripshover (Battelle) who 
described a pressure bonding tech- 
nique for the production of solid- 
phase self bonds in plates, rods, and 
complex flat-plate sub-assemblies 
Bonding was achieved by heating 
at 1150°C for 3 hr under an inert 
gas (He) pressure of 10,000 psi. The 
process has been extended to the 
production of columbium-clad UO, 
and cermet fuel elements and has 
even permitted tubes to be formed 
directly from columbium sheet. This 
technique may also be extended to 
columbium alloys 

R. T. Torgerson (Boeing) then 
presented an evaluation of the 
forming characteristics of Cb-10 Ti- 
10 Mo, Cb-33 Ta-0.75 Zr, Cb-10 Ti, 
and Cb-0.75 Zr alloys. From con- 
sideration of strength, ductility, and 
sub-zero transition temperature, the 
best alloy appeared to be the inter- 
stitially-hardened Cb-33 Ta-0.75 Zr 
material. 

A. I. Lewis (Westinghouse) out- 
lined the results of a study by 
Begley and Lewis on the effect of 
carbon on the workability and 
mechanical properties of colum- 
bium. It was observed that, up to 
0.072 weight pct C, the Cb-C alloys 
retained workability, but that, at 
higher carbon contents, workability 
decreased. A 0.75 weight pct C alloy 
was tested and showed cracking 
after 5 pct cold rolling, whereas a 
1 pet C alloy was cold rolled 15 
pet before cracking occurred. The 
loss of workability was related to 
the presence of a brittle Cb.C phase 
in the grain boundaries. However. 
it was also observed that carbon 
content did not affect the yield 
strength in the temperature range 

196° to 200°C 

A practical technique for increas- 
ing the cold workability of colum- 
bium alloys was described by J. De 


COLUMBIUM METALLURGY ... 


A report on the Lake George meeting. 


by B. S. Shabel of the Knolls Atomic Power Laboratory of General Electric Co. 


Mastry (Battelle). This consists of 
forging the cast ingot to approx a 
40 pct reduction in air at 540°C, and 
a subsequent rolling at 540°C to 
sheet about 0.100 in. thick. Alloys 
of columbium and chromium, zir- 
conium, and molybdenum and a 
ternary Cb-Ti-Mo alloy could, after 
successful break-up of the as-cast 
structure, be cold-rolled to 0.2 mil 
foil without difficulty. 

The effect of gaseous contami- 
nants was next discussed by H. E 
McCoy (Oak Ridge). Nitrogen in 
excess of 1000 ppm, hydrogen in ex- 
cess of 500 ppm, and oxygen in ex- 
cess of 3000 ppm were observed to 
cause serious embrittlement. Nitro- 
gen and oxygen, at elevated tem- 
peratures (1010°C) did not seriously 
affect ductility, and, in fact, in- 
creased the strength of the metal 
Creep tests at 982°C, however, 
showed that the presence of hydro- 
gen or water vapor increased the 
creep rate 

The possibilities of improved oxi- 
dation resistance through the use of 
aluminum-dip coatings were pointed 
out by R. G. Carlson (G. E.). A 15 
pet Si-Al dip coating provided up 
to 10 hr protection at 1260° and 
1370°C for the commercial alloys 
F-48, F-50, and Fansteel 82. The 
optimum coating treatment required 
a 3 min dip at 925°C, followed by 
a l-hr vacuum anneal at 1040°C 
For longer periods of oxidation re- 
sistance, a longer time and/or higher 
temperature dip appeared necessary 

R. J. Van Thyne (ARF) suggested 
a means of reducing the oxygen con- 
tent of columbium powder by utiliz- 
ing the carbon-oxygen reaction. It 
was found that, by adding carbon up 
to the stoichiometric amount re- 
quired to form CO and sintering in 
vacuum for 1 hr at 2000°C, the 
oxygen levels would be lowered 
without seriously affecting the resi- 
dual carbon content of the sintered 
compact 

The final paper of the session was 
presented by S. J. Noesen (G. E.) 
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who described the procedures 
evolved for the production of the 
F-48 and F-50 alloys by vacuum are 
melting 


Mechanical Properties 

The first afternoon session began 
with S. T. Wlodek (Union Carbide 
Metals Co.) presenting a summary of 
the oxidation behavior and mechan- 
ical properties of Cb-Ti-W alloys 
The maximum oxidation resistance, 
up to 1400°C, was observed for com- 
positions in the range of 5 to 15 
weight pet Ti and in excess of 15 
weight pct W. Oxidation resistance 
was associated with the formation of 
a Cb,O,-TiO,-WO, type of columbate 
Better spalling resistance was ob- 
tained by modifying the ternary al- 
loy with molybdenum or vanadium; 
a representative quaternary alloy 
being Cb-10 Ti-20 W-3V. Molyb- 
denum modifications were observed 
to give greater strength at elevated 
temperatures than vanadium modifi- 
cations, although neither modifica- 
tion was as strong as a Cb-7 Ti-28 
W alloy 

D. J. Maykuth (Battelle) reviewed 
the results of an investigation of co- 
lumbium-base alloys for use in 
pressurized-water reactors The 
binary alloys, Cb-7.6 atomic pct V, 
Cb-12.6 atomic pet V, and Cb-7.2 
atomic pct Mo, showed superior 
strengths to Zircaloy 2 at temper- 
atures above 400°C and much 
improved creep resistance at tem- 
peratures through 650°C. In this 
temperature range, ternary alloys of 
Cb-V-Mo and Cb-Ti-Mo also ex- 
hibited good strength and creep re- 
sistance 

The strain aging effect due to 
hydrogen in columbium was an- 
alyzed by B. A. Wilcox (Wright- 
Patterson AFB). Measurement of 
the temperature dependence of the 
rate of yield point return indicated 
an activation energy of 10,500 cal 
per mole, in rough agreement with 
that observed for the diffusion of 
hydrogen in columbium (9370 cal 
per mole). Similar activation ener- 
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gies were observed by dynamic 
modulus experiments, supporting 
the interpretation of hydrogen as 

the cause of strain aging 
Processing and the properties of 
F-48 alloy sheet were described by 
T. K. Redden (G.E.). Hot rolling 
above 700°C was required for initial 
rolling operations after extrusion of 
the ingot. Canning in molybdenun 
was required for this stage after 
which the desired gage thickness 
reached by cold rolling 
However, warm rolling in the range 
200° to 300°C has proven best for 
good surface finish. The 0.2 pet yield 
strength varied from about 105,000 
psi at 25°C to approx 65,000 psi at 
1000°C, the elongation at this tem- 
perature being about 7 to 8 pet, while 
the stress for l-hr rupture at 1371°C 

was 20,000 psi 

D. P. Laverty (Thompson Ramo 
Wooldridge) next presented the re- 
sults of measurements of Young's 
Modulus. The modulus was ob- 
« served to decrease linearly from 16.2 
million psi at room temperature to 

14.1 million psi at 820°C 
D. P. Gregory (CANEL—Pratt 
and Whitney) described a dislocation 
mechanism accounting for the creep 
and recovery behavior of columbium 
and a Cb-1 pct Zr alloy. The postu- 
lated mechanism involved the an- 
nihilation of unlike screw disloca- 
tions by cross-slip, the remaining 
edge dislocations accounting for the 
observed mechanical behavior. The 
creep behavior of columbium was 
considered to be governed by a 
forest intersection process below 
930°C: the addition of 1 pet Zr re- 
tarded polygonization and retained 


could be 


the intersection process as_ rate 
governing up to 1130°C 

E. S. Tankins (Naval Air Ma- 
terial Center) presented the final 
paper of this session, dealing with 
the effect of strain rate, grain size, 
and temperature on_ the yield 
strength of columbium. A linear re- 
lationship between log stress and log 
strain rate was found, and it was 
indicated that strain rate was in- 
dependent of grain size A strain 
aging phenomenon was observed 
and measurements of the tempera- 
ture dependence of the rate of yield 
point return gave a value of 27 K 
cal per mole, suggesting that oxygen 
might be responsible for the aging 
The vield strength was found to vary 
linearly with grain diameter raised 
to the 4 power. Tests at liquid air 
temperatures showed the absence of 
a lower yield point, higher yield 
strengths, and the presence of twins 


in the microstructure 


General Metallurgy 


The General Metallurgy session on 
Friday considered several aspects of 
columbium metallurgy and covered 
a range of subjects from thermody- 
namic measurements to the mechan- 
ical properties of binary alloys 
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The opening paper was presented 
by R. P. Elliott (ARF) who pre- 
sented a probable Cb-N phase dia- 
gram up to the stoichiometric CbN 
composition. The solubility of N in 
columbium was found to be 0.25 
weight pet at 1200°C and 2.5 weight 
pet at 2400°C. The X-ray data in- 
dicated the presence of the following 
phases hexagonal packed 
Cb.N, tetragonal CbN (Cb.N,), fee 
CbN. and hexagonal CbN 

The application of formal alloy 
theory to a wide range of columbium 
binary alloys was next described by 
A. E. Dwight (ANL). A definite 
sequence of crystallographic phases 
was observed with increasing alloy 
content, running from bee ~ Cr,O- 
eo» Laves ~ a Mn — hexagonal 
close packed variant ~ fec variant 
While no alloy system contained all 
the phases, the order of occurrence 
was always followed, eg Cb—Os, 
which shows the bec ~ Cr,O — ¢ 
» Mn — « phase (hexagonal close 
packed). Consideration was also 
given to the Cb-V-Zr and Cb-Ti-Mo 
systems 

G. H. Rowe (CANEL—Pratt and 
Whitney) presented work describ- 
ing the recovery and recrystalliza- 
tion of a Cb-1 pct Zr alloy and the 
subsequent mechanical behavior 
One hour at 1430°C was required 
for recrystallization of the 40-80 pct 
cold reduced material, whereas 
1540°C was necessary to recrystal- 
lize the 20 pet reduced material 
Recovery of hardness was observed 
at much lower temperatures and was 
related to the dislocation mechanism 
outlined by Gregory earlier in the 
Short-time tensile tests 
peak yield 
reduced 


close 


conference 
at 980°C revealed a 
strength in the material 
20 pct, although the ultimate tensile 
strength increased with increasing 
cold work 

Recrystallization was also dis- 
cussed by B. S. Shabel (KAPL) 
who spoke on the behavior of co- 
lumbium-vanadium alloys. The ac- 
tivation energy (50 pct reduction) 
was found to be : Cb-0.6 atomic pct 
V and 1.6 atomic pet V-92 K cal per 
mole: and Cb-8.9 atomic pct V-118 
K cal per mole. One hour at 1150°C 
recrystallized the 0.6 and 8.9 atomic 
pet V alloys while 1100°C sufficed 
for the 1.6 atomic pct V alloy; how- 
ever, a possible grain-size effect was 
indicated here Recovery effects 
were measured by a Fourier line- 
broadening analysis, and the textures 
of cold-rolled and _ recrystallized 
sheet determined. The cold-rolled 
texture was found to be basically 
(100) <011> and (112) 110>. The 
recrystallized texture of the Cb-0.6 
atomic pct V was (100) <011 
(111) 112 whereas Cb-3.5 and 
8.9 atomic pct —V alloys retained the 
(112) <110 component after re- 
crystallization 

R. T. Begley (Westinghouse) pre- 
sented work based on the flow and 


fracture characteristics of electron- 
beam-melted columbium The ob- 
work-hardening, ductile- 
strength- 
were all 


served 
brittle transition, 
temperature behavior 
consistent with the nature of a bec 
metal 

The role of oxygen in the strain 
aging of columbium tested in tension 
and fatigue was described by J 
Enrietto (U. of Illinois) Maximum 
strengthening was observed to occur 
at 500°C in tension (é 0.04 per 
min) and at 400°C in fatigue (fre- 
quency 3450 cpm). The strength- 
ening effect of oxygen increased up 
to an oxygen concentration of 0.02 
weight pct at these temperatures, 
but increasing concentration con- 
tributed little additional strengthen- 
ing 

O. M. Katz (Westinghouse) pre- 
sented data and calculations of the 
thermodynamic functions in the 
Cb-H system for temperatures from 
225° to 513°C at hydrogen pressures 
from 0.01-760 mm of Hg. The rela- 
tive partial-molar free energy of 
hydrogen in the Cb-H alloys in- 
creased with increasing composition 
at a given temperature and increas- 
ing temperature at a given composi- 
tion. The relative partial-molar en- 
thalpy of hydrogen decreased from 

7.59 k cal per mole of hydrogen 
at a mole fraction of 0.035 to 10.40 
k cal per mole at a mole fraction 
of 0.405 with an inversion point at 
mole fraction of 0.350 Relative 


a 
partial-molar entropies decreased 
from —5.54 k cal per mole to 15.78 


k cal per mole of hydrogen. It was 
indicated that the hydrogen bond 
strength in the lattice increased up 
to a mole fraction of 0.350, increas- 
ing hydrogen tending towards satur- 
ation and a marked reduction in 
bond strength 

The final paper of the morning by 
Braun, et al (Metallwerk Plansee ) 
was presented by R I. Jaffee 
(Battelle) and considered the prop- 
erties, particularly workability, of 
various Cb-W and Cb-Mo alloys In 
both alloy systems, a range of com- 
positions in the middle of the phase 
diagram were unworkable by rolling 
or die forging below 1000°C, al- 
though high-columbium alloys (<20 
atomic pet Mo, W) could be cold 
rolled and high tungsten or molyb- 
denum alloys could be rolled or 
swaged after heating to 1000° - 
1600°C in a hydrogen atmosphere 


Oxidation and Corrosion 

ST. Wlodek (Union Carbide 
Metals Co.) began the session with 
a discussion of the Cb-Al-V system 
This alloy system appeared promis- 
ing from the viewpoint of oxidation 
resistance and good mechanical 
properties for temperatures below 
1200°C 

H. A. Fisch (KAPL) 
the results of an investigation of the 
steam corrosion behavior of Cb-V 


presented 
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alloys. The corrosion rates in 1500 
psig steam at temperatures from 
360° to 482°C decreased with in- 
creasing vanadium content. The 
oxide composition varied from 
Cb.O, for the least protective film 
to CbO, for the most protective film 

The ignition phenomenon was next 
discussed by J. W. Clark (G.E.) 
Columbium was reported to ignite at 
1470 + 10°C, if air mass flow rates 
exceeded 2000 lb per sq ft per hr 
Alloy additions of molybdenum, 
titanium, and tungsten decreased 
the ignition temperature. However, 
a short preoxidizing treatment at 
temperatures below the _ ignition 
range increased the ignition tem- 
perature and/or the maximum heat 
flux which could be supported with- 
out ignition 

H. Inouye (Oak Ridge) presented 
the results of an investigation of the 
oxidation of columbium at low oxy- 
gen pressures. Oxidation occurred 
by stages, consisting of; solution of 
oxygen, internal oxidation, film 
formation, and an oxide-gas reac- 


tion. Internal oxidation commenced 
with the precipitation of CbO at and 
below the surface. The third stage 
was characterized by the formation 
of CbO, while the final stage resulted 
from the reaction between CbO, and 
oxygen to form non-protective Cb,O 

R. E. Pawel (Oak Ridge) reported 
the results of further investigations 
of the study of oxide-film formation 
He found that specimens of (100) 
orientation showed a relatively long 
period of protective oxidation with 
a slow transition into the non-pro- 
tective region, but that specimens of 
(111) or (110) orientation oxidized 
protectively for short periods and 
underwent an abrupt transition to 
the linear stage of oxidation 

The hot-water corrosion behavior 
of Columbium and Columbium al- 
loys was next described by W. D 
Klopp (Battelle). Improved corro- 
sion behavior was achieved by alloy- 
ing with V, Ti, Zr, and Ti-Cr addi- 
tions, with no difficulties resulting 
from oxygen or hydrogen absorption 
during corrosion. The Cb-V and Cb- 


Zr alloys were considered to be the 
most promising for applications in 
thermal reactors 

The final paper of the conference 
was presented by J. Ong (Washing- 
ton University). Prof. Ong reported 
a mathematical correlation of the 


( an 

form, rate = Kas’, 
where Ke is the reaction rate con- 
stant and #¢' is the fraction of the 
interstitial sites on which absorp- 
tion of oxygen had occurred. The 
mathematical expression for de- 
scribing the effects of temperature 
and pressure on the oxidation rate 
was based on the assumption of 
an interstitial solid-solution being 
formed by oxygen in columbium 
While calculated points were not 
in precise agreement with the avail- 
able experimental data, the trends 
of the theoretical curves were borne 
out by the data. The correlation was 
also applied, with promising agree- 
ment, to Cb-Ta alloys 

The proceedings of the conference 
will be available by early 1961 


RESPONSE OF METALS 


TO HIGH VELOCITY DEFORMATION ... 


A report on 


the Estes Park conference. 


by J. B. Clark of The Dow Metal Products Co. 


A few years ago, C. S. Smith 
pointed out that the passage of high- 
pressure shock fronts through metals 
produced unique structural and 
property changes which should be 
of interest to metallurgists. Although 
considerable work has been carried 
on in this field in the last few years, 
much of it remains unpublished or 
has been reported outside of the 
general metallurgical literature. 

On July llth and 12th at Estes 
Park, Colo., a technical conference 
was held for the purpose of report- 
ing and discussing recent work. A 
complete review of all the papers is 
not possible here; this report at- 
tempts to summarize only those 
papers dealing with the metallur- 
gical effects produced by the pass- 


age of high-pressure shock waves 
through metals and alloys 

As a general theoretical back- 
ground for the conference, J. Wéert- 
man discussed the unique properties 
of high-velocity dislocations. Eshel- 
by’s analysis” * for a moving-edge 
dislocation was developed a little 
further. It was shown that contrary 
to the usual] situation, edge disloca- 
tions of like sign attract each other 
(unlike repel) when the dislocations 
are traveling above the Rayleigh 
wave velocity. Screw dislocations do 
not change behavior at high veloci- 
ties. Thus, at high velocities it may 
be possible for a group of edge dis- 
locations to coalesce and form a 
microcrack. Weertman pointed out 
that the edge-type dislocation de- 


scribed by Eshelby® can move at 
supersonic speeds, and this type of 
dislocation may be necessary for 
Smith's dislocation interface’ ’, be- 
tween shocked and unshocked re- 
gions 

G. E. Duval reviewed the general 
properties of shock waves. He 
showed that by means of explosive 
loading techniques, a plane com- 
pression shock wave can be trans- 
mitted through a solid at speeds near 
5 km per sec. Shock fronts may in- 
volve pressures as high as several 
hundred kilobars [1 kilobar (kb) 
equals 14,504 psi 986.9 atm] and 
may compress the metal as much as 
20 pct. The Rankine-Hugoniot equa- 
tion, which relates the internal en- 
ergy of the shocked state to the 
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initial and final pressures and 
volumes of the material, was de- 
rived. (For a published development 
of this relationship, see Rice et al".) 
When combined with an equation 
of state, this relationship yields the 
Hugoniot curve, whieh is the locus 
of all P, V states of a material at- 
tainable by propagating a shock 
wave into a fixed initia] state. On a 
P-V diagram, the Hugoniot curve 
is curved concave upward to the left 
The slope of this curve will decrease 
somewhat at the Hugoniot elastic 
limit (E,) where plastic flow begins 
and also at a higher pressure (des- 
ignated the _ transition § pressure 
P,), if a high-pressure phase exists 
in the P-V system. If the material 
undergoes a phase change at higher 
pressures, a second plastic wave 
(P,,) characteristic of this phase 
will follow the first plastic wave 
Conversely, the existence of a 
double wave has been taken as 
evidence of a polymorphic phase 
change 

The response of metal to shock 
waves was discussed from several 
aspects 


A) The Dynamic or Hugoniot Elastic 
Limit 

The physical process occurring at 
this point on the Hugoniot curve is 
not completely known. F. S. Min- 
shall noted that the Hugoniot elas- 
tic limit is larger than the quasi- 
Static yield strength even when re- 
calculated as a one-dimensional 
yield strength. The pressure of the 
elastic wave varies widely from 2 
to 25 kb, depending on the alloy 
and the shock conditions. E. G 
Zuckas and C. M. Fowler showed 
that in iron, rolling prior to shock- 
ing, increased the pressure and vel- 
ocity of the elastic wave. Further 
study is needed 
B) Plastic Wave Interaction at on 
Interface 

A plastic shock wave normal to 
an interface will, under appropriate 
conditions, reflect as a rarefaction 
wave. Smith’ has shown that in a 
a metal with two plastic waves, in- 
teraction of the reflection of the first 
plastic wave with the slower second 
wave leaves a visible interaction 
zone of lower hardness near the 
surface. Fowler, Minshall, and Zukas 
have developed a method of deter- 
mining the Hugoniot and transition 
pressure, P,, by measurement of the 
interaction zone. This method per- 
mits economical screening of alloys 
and rapid approximation of the 
transition pressures without elabor- 
ate equipment 

Smith reported on the interaction 
of shock waves traveling parallel to 
a common interface in a composite 
sample of iron and copper rods. The 
system centers itself upon the plane 
of interface so that the shock in both 
materials moves with velocity cor- 
responding to the average density 
and compressibility 
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C) Shock Induced Deformation Markings 

Zukas and Fowler found that in 
annealed iron, Neumann twin mark- 
ings, formed by shock loading, could 
be suppressed by prestraining be- 
fore shock loading. The twins sur- 
vived high-pressure phase transi- 
tions without change in shape. The 
evidence presented seemed to indi- 
cate that the twins were caused by 
the compressive elastic wave. It is 
difficult to see how an elastic wave 
could produce plastic deformation— 
the formation of twins. Smith sug- 
gests that the pressure-distance pro- 
file of the elastic and plastic waves 
moving through the material will 
show another discontinuity between 
E, and P, which generates these 
twins 

Shock-induced twins can form in 
very small ferrite areas. Zukas ob- 
served twins in the fine ferrite of 
the pearlite of a 10%C steel. H. P 
Tardif, F. Claisse, and P. Chollet 
showed that shock-induced twins in 
proeutectoid ferrite cross into the 
pearlite grains indicating an orienta- 
tion relationship between proeutec- 
toid ferrite and pearlitic ferrite 
They suggest that shock-induced 
twinning may be used to study grain 
orientation, sub-boundaries, and the 
continuity of phases 

The role of crystallographic orien- 
tation of the metal to the shock di- 
rection is still obscure. Zukas and 
Fowler noted that more twins were 
produced in iron when shock was 


perpendicular to the rolling direc- 


shocked four copper 
single crystals parallel to [110], 
[111], [100], and [112] directions 
All crystals except the [100] crystal 
showed twins. The [100] crystal 
showed no markings although this 
crystal suffered the greatest change 
in dimensions from the shock load- 
ing. Single crystal studies are con- 
tinuing 


tion. Smith 


D) Change of Strength Properties 
Due to Shock 

G. E. Dieter showed that a given 
amount of strain produced by com- 
pressive shock loading increases the 
hardness of columbium, iron, and 
nickel to a much greater extent than 
the same amount of strain by rolling 
Holtzman and Cowan illustrated this 
point in austenitic manganese steel 
in which a 422 kb shock rasied the 
yield strength from 58,000 to 174,000 
psi but only reduced the elongation 
from 60 pct to 19 pet. Microstructure 
studies reveal no obvious strength- 
ening process. Presumably a critical 
arrangement of point defects is 
formed by the shock, but the exact 
strengthening mechanism is un- 
known 


E) Phase Transformations 

Zukas, Fowler, and Minshall have 
reinvestigated the 130-kb phase 
transition in iron reported by Ban- 
croft et al’. The transformation does 
not destroy pre-existing twins or 


grain boundaries, and the pole fig- 
ures remain unchanged. Cold work- 
ing of the iron raised the pressure 
of E, and P, about 6 kb. The tran- 
sition pressure (P,) for iron-nickel 
and iron-chromium alloys has been 
studied. The presence of some a 
phase is necessary for the high- 
pressure phase change. Although it 
has been determined that this is not 
an a-y phase change, the real na- 
ture of the transition is still un- 
known 

Holtzman and Cowan compared 
the transformation markings in aus- 
tenitic manganese steel as produced 
by cold rolling and shock loading. 
After 70 kb, the microstructure is 
very similar to the coarse structure 
of cold-rolled austenitic steel. At 
422 kb, the markings become rela- 
tively discrete and uniformly dis- 
tributed. 

In the discussion, it was pointed 
out that the high pressure phase 
must be more dense and probably 
forms rapidly by a shear process 
Also, care should be taken in at- 
tempting to predict phase changes 
during pressure-volume changes 
from the equilibrium phase (T-x) 
diagram of the alloy. 


Status of the Field 

The status of the field was re- 
viewed at the conclusion of the con- 
ference. Two general areas require 
further work. First, the physical 
structure of the shock front requires 
study: its thickness, dislocation ar- 
ray, and mechanism of movement 
through the lattice need to be de- 
termined. Secondly, accurate studies 
of the pressure profile of the shock 
front are necessary. The nature and 
broadness of the Hugoniot elastic 
limit, the possible existence of a 
low-pressure: plastic wave for pro- 
duction of Neumann twin bands and 
the rise time of P,; and P,, should be 
studied. One may anticipate further 
discoveries in this relatively new 
field of metallurgical research. 

Publication of the Proceedings of 
this technical conference is planned 
within nine months. These Proceed- 
ings, which will include the pertin- 
ent discussion, will constitute a 
worthwhile addition to the litera- 
ture 
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D. Bancroft, E. L. Peterson 
Minshall: Polymorphism of 
Pressures, J. Applied Physics, vol. 27, 
pp. 291-298 
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tation time will be 10 min, and 5 


Oct. 5-7 Dates 
for Rocky Mountain 
Minerals Conference 


Oct. 5-7 are the dates of the Sixth 
AIME Rocky Mountain Minerals 
Conference, scheduled for the New- 
house Hotel in Salt Lake City 

Sessions of particular interest to 
metallurgists will be held on Thurs- 
day, Oct. 6 with papers on Reagent 
Systems Design by J. D. Vincent, 
American Smelting & Refining Co.; 
Electrolytic Tungsten and Molyb- 
denum by D. H. Baker, Jr., and J. 
B. Zadra of the Reno Metallurgy Re- 
search Center of the US Bureau of 
Mines: Role of Micro—organisms in 
Leaching Processes by a staff mem- 
ber of Kennecott Research Center; 
The Vernal Phosphate Project of 
San Francisco Chemical Co., by D 
L. King, San Francisco Chemical 
Co.; The Silverton Project of Stand- 
ard Metals Corp., by Edgar T 
Hunter of Standard Metals; and 
Mining The Sea Floor by L. E 
Shaffer of the University of Califor- 
nia. 

Social events will include a Wel- 
coming Luncheon on Wednesday, 
Oct. 5 in the Newhouse Hotel and a 
mining companies’ and_ suppliers’ 
cocktail party later during the day 
On Thursday there will be a Miner- 
als Luncheon with guest speaker, 
Joseph L. Gillson. For Friday after- 
noon there is scheduled a trip 
through one of the west’s most 
modern plants for research, devel- 
opment, and production of solid-fuel 
vropellents and rocket engines, the 
Magna, Utah. plant of Hercules 
Powder Co. That evening an infor- 
mal dinner-dance is scheduled for 
the Newhouse Hotel 

Reouests for hotel reservations 
should be sent to Utah Section. 
AIME., 2260 Wilson Ave., Salt Lake 
Citv 8, Utah 


Papers on Imperfections 


Papers are being sought for a 
technical session on Direct Obser- 
vations of Imperfections in Crystals,” 
which will be conducted at the 
Annual Meeting of The Metallurgical 
Society of AIME. The meeting will 
be in St. Louis in February, 1961 

The papers should be concerned 
with unpublished research. Presen- 


min will be allowed for discussion. 
Abstracts of 500 words or less 

should be submitted before October 
1, for consideration. Authors should 
state, when submitting abstracts, 
whether a written version of their 
paper can be submitted before 
February 1, 1960 for possible publi- 
cation in a unified form. Abstracts 
of 500 words or less should be sent 
to: 

Dr. J. B. Newkirk 

Research Laboratory 

General Electric Co. 

P. O. Box 1088 

Schenectady, New York 


Education Council 
Officers Proposed 


The Nominating Committee of the 
AIME Council of Education has pro- 
posed A. W. Schlechten as _ vice 
chairman for one year and chairman- 
elect, according to J. D. Forrester, 
chairman of the council. The cur- 
rent vice chairman, Charles V. Kirk- 
patrick, automatically becomes 
chairman. 

Other nominations were R. L. 
Whiting, secretary-treasurer for one 
year, and J. J. Schanz, Jr., executive 
committee member at large for 
three years. 

All officers and executive com- 
mittee members take office in Feb 
1961. The Council of Education's 
bylaws provide that alternate slates 
may be proposed in writing to the 
Chairman of the Council of Educa- 
tion by ten or more members prior 
to Dec. 1 


NOTICE TO AUTHORS 


Make sure that manuscripts 
are typed double-spaced before 
submitting them to the Jour- 
NAL OF MeTALS. Failure to do 
so results in retyping, chance 
of error, and needless delay 
To facilitate matters, submit 
papers in duplicate and enclose 
illustrative material such as 
drawings and glossy photos at 
the same time. Such illustra- 
tions should be su®avle for re- 
production. 


Set Agglomeration 
Symposium For April 
In Philadelphia 


Tentative programing has been 
completed for the International Sym- 
posium on Agglomeration, sched- 
uled for the Sheraton Hotel in 
Philadelphia April 12-14, 1961. The 
Symposium is under the joint spon- 
sorship of The Metallurgical Society 
and the Society of Mining Engineers, 
AIME 

Since the subject is one of natural 
interest for iron and steel men, the 
Symposium has been purposely 
planned to follow the 1961 Confer- 
ence of the National Open Hearth 
Steel Committee and the Blast Fur- 
nace, Coke Oven, and Raw Materials 
Committee, meeting at this same 
Sheraton Hotel April 10-12 

Emphasis will be on the funda- 
mental aspects of agglomeration; 
both ferrous and nonferrous ores, as 
well as carbonaceous materials, cera- 
mics, and other nonmetallics will be 
under discussion. Sintering, pelletiz- 
ing, nodulizing, briquetting, powder 
metallurgy, ceramic bonding, and 
related processes will be included. 

The tentative session alignment is 
as follows: Wednesday morning, 
April 12th, Characterization of Raw 
Materials; Wednesday afternoon, 
April 12th, Preparation of Raw 
Materials; Thursday, April 13th, a 
whole-day discussion of The Agglo- 
meration Process; Friday morning, 
April 14th, Evaluation and Utiliza- 
tion of Products; and Friday after- 
noon, April 14th, Economics and 
Process Design 

Already, 18 papers have been 
deemed acceptable for presentation, 
with another 18 potential papers 
The papers will be presented in 
abstract form and then discussed 
All papers accepted for the Sym- 
posium will be preprinted and 
mailed to pre-registrants well in 
advance in order that appropriate 
discussions can be prepared. The ab- 
stracts will be in English, French, 
and German 

The keynote address for the Sym- 
posium will be sounded by Ronald 
R. McNaughton, AIME President for 


(Continued on page 708) 
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1961. He will address the luncheon 
on Wednesday, April 12th 

A program for the ladies in at- 
tendance has been arranged, and 
they have been promised a free 
luncheon at the Hercules Country 
Club during their all-day tour of 
the Longwood Gardens and the du 
Pont Museum 

The Symposium Proceedings, 
together with the technical papers 
and discussions, will be published 
promptly after the Symposium and 
mailed to all registrants 

Registration fee for AIME members 
is tentatively set at $25; $27.50 for 
nonmembers. The fee entitles the 
registrant to one set of preprints and 
one volume of the Proceedings 
Student registration, $5; no preprints 
or Proceedings volume is included 
For further information, write 
W. B. Stephenson, General Chair- 
man, AIME International Sympo- 
um on Agglomeration, P. O. Box 
635, Paoli, Pa 


AISE Convention 


Developments in Soviet ferrous 
metallurgy will be the subject of 
one of the 45 tecnhical papers to be 
presented at the 1960 Iron and Steel 
Convention and Exposition 
will be held in Cleveland 
Auditorium, September 27-30 


which 
Public 


The Soviet report, Present 
Achievements and Immediate Pros- 
pects of Development in Ferrous 


Metallurgy, predicts the production 
of 91 million tons of steel by 1965 
and more than 120 million tons by 
1970. It will be presented by Ivan 
Denisenko, economist, Economic Re- 
search Institute, and Roman Belan, 
metallurgical engineer and head of 
Iron and Steel Industry Dept., State 
USSR. The 
paper will indicate new Soviet facili- 


lies placed in production this vear 


Planning Commission. 


including five new blast furnaces 
ten large-capacity open-hearth fur- 
naces, three electric furnaces ix 
big rolling mills, a sheet steel cold- 
rolling department, steel and iron 
pipe production facilities, and eight 
coking batteries 
Among the more significant papers 
will be a report on the Open-Coil 
Annealing Proces a technique 
which is said to reduce the anneal- 
Details will be 
made known on production aspects 
of the Dwight-Llovd McWane Iron- 
making process, a new 
for foundry ap- 
fourth oxygen 
Imaking process will be intro- 


ing cycle to 10 hr 


direct-re- 
duction process 
plications. And a 
duced—a British oxygen-lance pro- 
cess in a specially designed open- 


hearth furnace, called the Ajax 


furnace. 


Symposium on Metallurgy in Army 
Will Be Featured at Fall Meeting 


Start planning now for the Fall 
Meeting of The Metallurgical So- 
ciety in Philadelphia Oct. 17-20. The 
registration desk, located in parlors 
A and B, will be open on Sunday 
from 5:00 to 9:00 pm; Monday 
through Wednesday from 8:00 am 
to 4:00 pm; and on Thursday from 
8:00 am to 3:00 pm. Registration fee 
for AIME members is $5. For non- 
members the fee is $10, and $1 for 
nonmember students. There is no 
fee for AIME student members 

A symposium on Metallurgy in the 
Army—Requirement Applications, 
and Research, sponsored by the In- 
stitute of Metals Division, will be 
one of the features of the meeting 
The symposium is the second in a 
series of armed services presenta- 
tions intended to acquaint those en- 
gaged in non-military research and 
development activities with the 
scope and extent of corresponding 
military activities 

Preceding the symposium there 
will be a luncheon at which John 
R. Townsend of the Office of the 
Department of Defense for Research 
and Engineering will speak on The 
Role of Metals in National Defense 
Tickets for the luncheon will be 
available at the Registration Desk 

The Institute of Metals Lecture, 
formerly known as the IMD Annual 
Lecture, and customarily presented 


Annual Meeting Abstracts 


November 4th is the dead- 
line for submission of abstracts 
to be considered for presenta- 
tion in the IMD-sponsored ses- 
sions at the 1960 AIME An- 
nual Meeting, which will be 
held from Feb. 19-23 in St 
Louis 

In order to be considered for 
inclusion in the program, each 
submission must consist of 

1) A 200-300 word abstract, 
typed double-spaced on one 
side of the paper only. (No 
photographs, figures, tables, or 
diagrams, please.) 

2) separate information 
sheet containing the title of the 
paper and the name and ad- 
dress of each author 

3) Acknowledgements of re- 
search sponsorship, where ap- 
plicable 

Abstracts and accompanying 
information should be submit- 
ted in 3 copies to 
The Metallurgical Society of 
AIME, IMD Program Commit- 
tee, 29 W. 39th St.. New York 
18, N. Y 
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at the Annual Meeting, will be 
given at the Fall Meeting this year 
Entitled The Work Hardening of 
Metal Crystals, the lecture will be 
given by Prof. N. F. Mott, F. R. S., 
of Cavendish Laboratory in the De- 
partment of Physics, Cambridge 
University, Cambridge, England, at 
1l a.m. on Tuesday, Oct. 18, in the 
West Ballroom. 

The annual Fall Dinner of the 
Society will be held in the Pennsyl- 
vania Room on Tuesday, Oct. 18, 
preceded by a cocktail party in the 
Constitution Room for all persons 
holding dinner tickets. Dress is in- 
formal (business suits) 

The traditional Powder Metallurgy 
luncheon is scheduled for Thursday, 
Oct. 20, between morning and after- 
noon technical sessions 

Tickets for the Fall Dinner and 
all luncheons will be on sale at the 
Registration Desk. In order to as- 
sure adequate facilities, it is sug- 
gested that all tickets be purchased 
as early as possible. Tickets for the 
Army Day Luncheon must be pur- 
chased before 9:30 a.m. on Monday 


Technical sessions: The program 
will include sessions sponsored by 
the three divisions of The Metallur- 
gical Society 

In addition to the symposium, 
Metallurgy in the Army, the Insti- 
tute of Metals Division through its 
Corrosion Resistant Metals Com- 
mittee, will sponsor a symposium on 
Recent Advances in the Metallurgy 
of Stainless Steel. A symposium on 
Ingot Structure Control will be ar- 
ranged and sponsored by the Melting 
and Casting Committee, Institute of 
Metals Division. Diffusion will be 
the subject of a symposium con- 
ducted by IMD’s Chemistry and 
Physics of Metals Committee. The 
same committee will sponsor a sym- 
posium on Tuesday on Effect of Ex- 
tremely High Pressures 

IMD’s Titanium Committee will 
sponsor a session on Tuesday on 
Titanium Versus Steel In Pressure 
Vessels for Hydrospace, Aerospace 
and Space. A symposium on Mechan- 
ical and Metallurgical Principles Af- 
fecting Hot Extrusion will be spon- 
sored by the Non-Ferrous Metal- 
lurgy Committee 

A two-part Symposium on Metal- 
lic Moderators and Cladding Ma- 
terials will be presented on Wednes- 
day by the Nuclear Metallurgy 
Committee. Another two-part sym- 
posium will be The Decomposition of 
Austenite by Diffusional Processes 
which the Ferrous Metallurgy Com- 
mittee is sponsoring 

The Structural Materials Com- 
mittee will offer a session on Struc- 
tural Materials in Cryogenic Design 
on Wednesday. Also, the Refractory 
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Metals Committee has arranged a 
session on Refractory Metal and Al- 
loy Sheet Program 

Thursday's Refractory Metal Ac- 
tivities in Europe has been arranged 
by the Refractory Metals Commit- 
tee, and the Shaping and Forming 
Committee will offer a symposium 
on Engineering Fundamentals of the 
Re lling Process 

Breakfast meetings for authors 
and chairmen participating in each 
day’s sessions are scheduled in the 
Constitution Room on Monday at 
8:00 am and on Tuesday through 
Thursday at 7:30 a.m. 

The Fall Meeting is being held in 
conjunction with the American So- 
ciety for Metals. In addition to the 
technical sessions being held on 
Monday through Thursday, ASM is 
sponsoring a weekend seminar on 
Saturday and Sunday, Oct. 15 and 
16, the subject of which is Strength- 
ening Mechanisms in Solids. The 
seminar will be held at the Bellevue- 
Stratford Hotel 


Oxygen Steel Topic 
of Indian Meeting 


Use of Oxygen in the Manufacture 
of Iron and Steel will be the subject 
of the 14th Annual! Technical Meet- 
ing of The Indian Institute of Metals 
at Bhilai, Dec. 1-4. The Institute's 
Seventh Metallographic Contest and 
Exhibition also will be held during 
the Meeting. In addition, plant visits 
and social functions are included in 
the program. 

Bhilai is the site of a Soviet-spon- 
sored integrated steel plant men- 
tioned in the November 1959 issue 
of JOURNAL OF METALS, p. 737 

For more information about the 
Meeting, contact: R. D. Lalkaka 
Honorary Secretary, The Indian In- 
stitute of Metals, 31 Chowringhee 
Road, Calcutta 16, India. 


Commerce Dept. Offers 
Refractory Reports 


A study on refractory metals and 
a report on 122 refractory materials 
have been released by the Office of 
Technical Services, Business and 
Defense Services Administration, 
US Dept. of Commerce 

The first report is The Investiga- 
tion of the Mechanism of Substruc- 
tural Formation in Refractory Metals 
and the Relation to the Observed 
Mechanical Properties—Part 1. A 
Iannucci and others, Materials Re- 
search Corp., for Wright Air Devel- 
opment Center, USAF. Jan. 1960. 32 
pages. (Order PB 161489 from OTS, 
US Dept. of Commerce, Washington 
25, D. C., $1) 

The other report is Refractory 
Materials (DMIC Memo 44). De- 
fense Metals Information Center, 
Battelle Institute. Feb. 1960. 35 pages 
(Order PB 161194 from OTS, US 
Dept. of Commerce, Washington 25, 
D. C. 50 cents) 


AROUND 
THE SECTIONS 


W. A. Wissler Gets 
Tone Medal Award 


William A. Wissler has been named 
as the recipient of the Frank J. Tone 
Medal Award, which is awarded 
annually by the Niagara Frontier 
Section of AIME. The presentation 
will be made by Charles E. Emery, 
chairman of the Niagara Frontier 
Section at the Annual Award Meet- 
ing to be held on Nov. 16 in Buffalo 

The medal was established in 1956 
by F. Jerome Tone and Franchot 
Tone to honor the memory of their 
father, Dr. Frank J. Tone, pioneer 
industrialist of the Niagara Frontier 
It is awarded to a person who has 
made outstanding and important 
contributions to the science and 
practice of metallurgy. He must be 
a resident of the Niagara Frontier 
community. 

Mr. Wissler retired in 1957 after 
40 years of service with Haynes 
Stellite Co., and Union Carbide Corp 
He attended Earlham College in 
Richmond, Ind., where he was born, 
and received his A.M. degree in 1914 
from Indiana University. He in- 
structed in chemistry at McGill Uni- 
versity, Montreal, where under a 
fellowship he later worked on the 
smelting of lead, zinc, and gold ores 

Mr. Wissler joined Haynes Stellite 
Co. in 1917, and when this company 
was acquired by Union Carbide 
Corp. in 1921, he became an em- 
ployee of that firm 

As a conusultant on casting opera- 
tions to the Atomic Energy Com- 
mission, Mr. Wissler engineered and 
installed hot pressing facilities at 
the Haynes plant for fabricating 
shapes from tungsten and tungsten- 
carbide. This work was important 
to the production of Ordnance shell 
cores just subsequent to World War 
II and currently is finding applica- 
tions for rocket nozzles for the 
Polaris and Minute Man missiles 

Mr. Wissler recently developed 
methods for manufacturing fine 
metal powders for powder metal- 
lurgy and powder spraying applica- 
tions 


USE the SERVICES of 
THE ENGINEERING 


SOCIETIES LIBRARY 


29 West 39 Street, 
New York 18, N. Y. 


Southern Ohio NOHC 


The Southern Ohio Section of the 
National Open Hearth Committee 
will hold its annual Fall Meeting 
on Sept. 23-24, at the Deshler Hilton 
Hotel in Columbus, Ohio 

Welcoming remarks will be made 
by W. W. Bergmann, chairman of the 
Southern Ohio Section. This will be 
followed by a talk on Safety With 
Oxygen by George Dahm, Linde Co 

Technical papers presented dur- 
ing the Friday morning session will 
include Production and Operating 
Problems with Roof Lance Furnaces, 
Bath Temperature Control on Ory- 
gen Lance Furnaces, Method of 
Nozzle Setting, and Ladle Gunning 

In the afternoon session Quality 
of Aluminum Killed Steel Ingots will 
be the title of one of the technical 
papers presented. Others will be 
Pneumatic Injection of Graphite in 
Open Hearth Bath, and Removal of 
Slag and Refuse from Open Hearth 
Pits. The will close with 
Progress Report on Basic Roofs 

L. W. Moore, Wheeling Steel 
Corp., will be the toastmaster at the 
dinner which will be held at 7 p.m 
The speaker will be Rev. Laurence 
Hall of St. Pauls Church, East Cleve- 
land, Ohio 

An added attraction of the meet- 
ing will be the Ohio State—South- 
ern Methodist football game which 
will be held in Columbus on Satur- 
day, Sept. 24 


session 


Conn. Section 
Meets Sept. 21 


The Connecticut section will hold 
its fall meeting September 21, at the 
Chase Country Club in Waterbury 
Dr. Charles H. Moore, newly ap- 
pointed technical director of the 
Copper Product Development Asso- 
ciation, will speak on New Directions 
in the Copper Industry 

Dr. Moore is the former director of 
corporate research and development 
for P. R. Mallory Co. He received de- 
grees from the University of Virginia 
and Cornell, and was visiting profes- 
sor at Rutgers for three years 

The dinner meeting is open to 
all interested people. Reservations 
should be made with Harold Cobb, 
Olin Mathieson Co., New Haven, 
Conn., or M. F. Burr, Chase Brass & 
Copper Co., Waterbury 
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announcing 
TWO NEW VOLUMES 


in a series designed 
to cover the spectrum of metallurgy 


Metallurgical 


Society 
Conferences 


Proceedings of Technical Conferences Sponsored by The 
Metallurgical Society of the AIME 


@ new series of books © uniform in format © each the proceedings of a 
technical conference sponsored by The Metallurgical Society of AIME 
through its technical committees @ affording the rapid and coordinated 
publicetion of scientific and technical information © to cover the entire 
field of metallurgy @ in books of high quality © in the form most useful 
to metallurgists everywhere 


Just published 


Properties of Elemental and Compound Semiconductors 


of the Institute of 
Boston Section 


Committee 
and the 
1959 


Edited by Harry C. Gatos 


Semiconductors 
Metallurgical Society 
3] September 2 


Sponsored by the 
Metal 
of AIME Boston 


Division, The 


August 


Contents 
Showing Part titles only: 21 papers were given, most followed by 
aiscu ion 
Metallurgical and Chemical Aspects 
lid State and Surface Reactions 
Chemical and Lattice Defects 
> Physical Properties and Device Applications 
‘ The Role of Dislocations in Device Properties 


6 


352 pages $8.50 


Proceedings of the 1960 Conference, 
Metallurgy of Elemental and Compound Semiconductors 
Boston, August 29-31, in preparation 


Flat Rolled Products I1: Semi-Finished and Finished 


f the Second Technical Conference Sponsored by the 


> 
eding 
Proceeding 


Mechanical Working Committee of the Iron and Steel Division 
The Metallurgical Society, and the Chicago Section of AIME 
Chicago, January 20, 1960 

Edited by E. W. Earhart and R. D. Hindson 

Contents 

Hot Machine Scarfing of Semi-Finished Carbon Steels 
Selection of Ingot and Slab Sizes for the Modern Strip Mill 
Observations on the $ structures of Mild Steel Strip 


Temper Rolling and its Effect on Stretcher Strain Sensivity 


Unitized Automobiles 
f Magnetic Materials 


Processing and Properties 


160 pages $4.00 


published for Al A" The Metallurgical 
~ 
ae Society of AIME by 


mrs 


SLINGOEd 1714 


: 
: 


Previously published in the series 

1 Flat Rolled Products: 
Rolling and Treatment—Chicago, January 21, 
1959. Edited by T. E. Dancy and E. L. Robinson 


148 pages $3.75 

2 Reactive Metals—Buffalo, Moy 27-29, 1958 
Edited by W. R. Clough 

624 pages $15.00 
3 Quality Requirements of 

Super-Duty Steels—Pittsburgh, May 5-6, 1958 
Edited by R. W. Lindsay 

320 pages $8.50 


4 Physical Metallurgy of 

Stress Corrosion Fracture—Pittsburgh, Apri! 2-3, 

1959. Edited by T. N. Rhodin 

408 pages $13.00 

Forthcoming in the series 
Physicol Chemistry of Process Metallurgy—Pitts- 
burgh, April 27-30, 1959. Edited by G. R. St. Pierre 
Refractory Metals—Detroit, May 25-26, 1960. Edited 
by J. J. Harwood and M. Semchyshen 
Metallurgy of Columbium—Bolton Landing, New 
York, June 9-10, 1960. Edited by D. Douglass and 
FL W. Kunz 
Response of Metals to High Velocity Deformation— 
Estes Park, Colorado, July 11-12, 1960. Edited by 
P_ Shewmon and V. F. Zackoy 
Also to be published in cooperation with The Metallurgical 
Society of AIME 


Extractive of Co ond 
York. Februory 1960 dited by 

Powder + eee -New York 1960 Edited by 
W Leszyn 


June 3 


pe = Philadeiphia, April 12-14, 1961. Edited by 


Knepper 


Interscience Publishers, Inc. 
250 Fifth Avenue, New York 
1, N.Y. 
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Engineering Center’s Progress 


Marked by Topping Ceremony 


Officials of societies that will occupy space in 
the United Engineering Center gather for 
topping out ceremony. From left to right, 
O. B. Schier, Il, Secretary, The American 
Society of Mechanical Engineers, E. L. Chand- 
ler, Treasurer, American Society of Civil En- 
gineers, Beatrice Hicks, Society of Women 
Engineers, Alta Samuels, Society of Women 
Engineers, Andrew T. Boggs, Technical Sec- 
retary, American Society of Heating, Re- 
frigerating, and Air-Conditioning Engineers, 


Inc., C. E. Davies, Executive Director, United 
Engineering Center, Andrew Fletcher, Presi- 
dent, United Engineering Center, Ernest 
Kirkendall, Secretary, American Institute of 
Mining, Metallurgical and Petroleum Engi- 
neers, Inc., H. C. Cross, Executive Secre- 
tary, American Society of Heating, Refrigerat- 
ing and Air-Conditioning Engineers and E. S 
Hibabmen, Secretary, American Institute of 
Electrical Engineers. 


With the last beam lowered into 
place on July 26th, the steel structure 
of the United Engineering Center 
was completed. Ceremonies were at- 
tended by representatives of the 19 
societies which will occupy this 
building next July 

In keeping with tradition, a top- 
ping off ceremony took place. The 
American flag was raised along with 
the last and highest column, “in 
order to appease the wrath of the 
gods and to bring good luck to the 
new structure.” 

The new building will occupy an 
entire block on the west side of First 
Avenue from 47th to 48th Street 
The 20-story steel framed all-welded 
structure is being built as head- 
quarters for 18 leading American En- 
gineering organizations. 

There will be sixteen office floors 
in the building of which two floors 
will be unfinished for the present 
time, and the two top floors will have 
mechanical equipment. The Metal- 
lurgical Society will occupy the 13th 
and 14th floors 

The exterior of the new building 
is stainless steel and glass chosen by 
the architects for maximum beauty 
and strength. During the next few 
months curtain wall mullions and 
column covers of stainless steel will 
be installed. The basic curtain wall 
panel for the Center is 12% ft high 
and 5 ft wide. Inside a rectangular 
framing of stainless steel is a sheet 
of window glass and a sheet of span- 
dre! glass. These two glass sections 
are divided by a stainless steel] bar. 

In keeping with a completely mod- 
ern outlook, the building will also 
be fully air-conditioned, contain 
high-speed elevators, modern light- 
ing and the most up-to-date facili- 
ties, including a cafeteria 
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Plutonium 
Volume 
Available 


Extractive and Physical Metal- 
lurgy of Plutonium and Its Alloys 
is the title of the latest proceedings 
volume published by Interscience 
Publishers Inc., for The Metallurgical 
Society. The book is based on the 
Nuclear Metallurgy Committee sym- 
posium, held during the 1959 AIME 
Annual Meeting 

There is an introductory chapter 
written by W. D. Wilkinson entitled, 
aptly enough, Introduction to Pluto- 
nium Metallurgy. The Argonne Na- 
tional Laboratory engineer has also 
provided an invaluable 43-pp. an- 
notated bibliography of publications 
on the subject 


Halides to Metal Preparation of 
Metallic Plutonium Distribution 
of Plutonium and Selected Impurity 
Elements Between Nitrate Solutions 
and Tri-n-buty! Phosphate The 
Preparation of Plutonium Halides 
for Fused Salt Studies and Re- 
moval of Fission Product Elements 
from Plutonium by Liquation 

Under physical metallurgy, the 
following papers are included: Some 
Principles of the Alloying Behavior 
Plutonium-Cerium 

Plutonium-Zinc 
Phase Diagram Metallography of 
Alpha Plutonium The Etching of 
Plutonium and Its Alloys by Cathodic 
Bombardment A Study of the 
Transformation Kinetics of Alpha, 
Beta, and Gamma Plutonium 
Some Experiments in Zone Refining 
Plutonium and Behavior of Some 
Delta-Stabilized Plutonium Alloys 
at High Pressures 

Discussions follow many of the 
papers in this 314-pp. book 

Price of the volume is $10.50; how- 
ever, AIME members may have it for 
the 20 pct discount price of $8.40 
Nonmembers should order directly 


of Plutonium 
Phase Diagram 


NEW BULLETIN 


A new bi-weekly bulletin of 
“Engineers Available” is now 
being published by the Engi- 
neering Societies Personnel 
Service, Inc. Distributed free 
of charge, the bulletin con- 
tains synopses of the experi- 
ence of engineers who have 
registered with the Service and 
are seeking a new position. 

Any employer interested in 
receiving the bulletin should 
so advise E.S.P.S. at 8 W. 40th 
St., New York 18, N.Y., and 
your name will be placed on 
the mailing list. Any engineer 
who is registered with the Ser- 
vice or wishes to register is en- 
titled to a 35-word notice in the 
bulletin. Write to the New 
York office for forms. Your 
qualifications will be brought 
to the attention of employers 
on our mailing list without 
revealing your identity 

It is planned to extend the 


The remainder of the contents is 
divided into extractive and physical 


metallurgy. Under extractive we find , 
Alternative Routes for the Conver- Members should order through The 


sion of Plutonium Salts to Metals Secretary, The Metallurgical Society 
Their Recovery Problems of AIME, 29 West 39th St., New 
Reduction of York 18,N.Y 


from Interscience Publishers Inc., 


250 Fifth Ave.. New York 1, N. Y publication to the midwestern 


and western offices in the near 
future 


and 
Calcium 


Plutonium 


Change of Address PROPOSAL FOR AIME 
~~ of AIME, 29 W. 39th St.. New York 15 MEMBERSHIP 


I consider the following per- 
son to be qualified for member- 
ship and request that a mem- 
bership kit be mailed to him 


Nome 


Old Mailing Address 


Nome of Prospective Member: 
New Mailing Address 


Address 


WY Personals: Please list below your former com 


Personals Form pany and title and your new title and company 
r new work) for use in Jounnat or Merats 
(Copy deadline for personals items is six weeks 


before date of issue.) 


Former Company 


Nome of AIME Member: 


Former Title Length of Time There 


New Compony 
New Company Address Date of Change Address 
New Title 


Any recent activity thet would be of interest to members 
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MEMBERSHIP 


Proposed for Membership 
Metallurgical Society of AIME 
Total AIME members on June 30, 1960 
was 33,844; in addition 2,514 Student Mem 
bers were enrc lled 


ADMISSIONS COMMITTEE 

W. L. Brytcruk, Chairman; S. C. Carapella 
J J. W. Hanle T. D. Jones; H. C. Larson 
Harold Margolin; Shadburn Marshall 
The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
thie list as soon as pos- 
to inform the Secre- 
f i of people are found 
cho are known to be unqualified for AIME 
membership 


Members 
New York, 
liffe, Ohio 
San Francisco, Calif 
Hamiltor Oni 


Copper Cliff, Ont., Canada 
istry. Pa 
Londonville, N. Y 


Paramus, N. J 
Ceher,. 1MWM 
Par 


Duda, Richard F is, N 

mai, Yunoshin, Sendai, Jap 

Ingers« Clyde E., Buffa N.Y 

Jot J < Manchester, England 
Kushne Joseph B., Evansville, Ind 

Le t Rict 1 B.. Cleveland, Oh 

Le Artl Schenecta N 

I isa Robe W.. State College, Pa 
Morris. je Birt gham, Ala 
Muska. George J.. Pittsburgh, Pa 

77 A J.. Broke Hi N. Rhodesia 
Pre € Robert E.. Columbus, Ohio 

Ste Roelof Wilmingt De! 

ace, J es R.. Sydne N._S., Canada 
W ise ’ Ca D.. Dalla Tex 


Junior Members 


Solomir. Jot G., Base Switzerland 
Yearle Douglas ¢ Elizabeth, N. J 


REINSTATEMENT—MEMBER 
McNeil, John F., Woodville, S. Australia 


SPECIAL REINSTATEMENT— 
SENIOR MEMBERSHIP 


Fondersmith, Charles R., Middletown, Ohio 


SPECIAL REINSTATEMENT— 
JUNIOR MEMBER 


bs th. William F., Richmond, Va 


SPECIAL REINSTATEMENT—STUDENT 
Kaufman, Sidney F Pittsburgh, Pa 


STUDENTS 


Carnegie Institute of Technology 
Frynck Stephen ( 

Hilsen, Robert R 

Imperial College. London 
Howard, Richard A 

Purdue University 

Darda, Ger 

Rice University 

Hartman, David E 


HOWARD G. SATTERTHWAITE 


An Appreciation by 
James F. Smith 
George T. Hanson 


Howard G. Satterthwaite died May 
11, 1960. The word of his sudden 
death at his home in Escondido, 
Calif., brought expressions of deep 
sympathy and regret from his many 
friends and business associates, who 
affectionately knew him as Satt 

Satt's Anaconda’ career was 
marked by many outstanding 
achievements in metallurgical opera- 
tions and in the administration field 
He played an important part in the 
Company’s venture in the production 
of magnesium during World War II, 
and later in Anaconda’s entry into 
the aluminum industry. As manager 
of the aluminum plant in Columbia 
Falls, Mont., he endeared himself to 
all his co-workers with his fair- 
mindedness, boundless enthusiasm, 
and capable leadership 

Born in Girard, Kans., April 18, 
1891, Satt graduated from Washing- 
ton State College with a B.S. in 
1915, and a year later began his 
career with Anaconda as a laborer 
in the Company’s experimental zinc 
plant in Anaconda, Mont 

In December 1916, he was trans- 
ferred to the newly-constructed 
electrolytic zinc plant in Great 
Falls, Mont. Here he worked his 
way from a laborer to shift foreman, 
general foreman, assistant superin- 
tendent, and superintendent. He re- 
turned to the city of Anaconda in 
1927 as superintendent of the zinc 
plant there, and was transferred 
back to Great Falls 10 years later 
to become assistant general superin- 
tendent of the entire reduction 
plant 

During World War II, Satt was 
selected to lead one of Anaconda’s 
contributions to the war effort as 
manager of Basic Magnesium Inc., 
a magnesium reduction plant in 
Henderson, Nev. After the war and 
completion of the Henderson job, 
Satt returned to Great Falls 

Shortly thereafter, Anaconda 
called upon Satt to do some more 
pioneering, and in November 1952 
he undertook the job of selecting 
an aluminum reduction process for 
the new Columbia Falls location. He 
was named manager of the alumi- 
num plant during the construction 
period, and guided the plant's first 
three years of operation before his 
retirement on July 1, 1958 

His association with AIME dated 
from 1942, and he took an active 
part in the Montana section meeting 
schedule 


EUGENE GIFFORD GRACE 
An Appreciation 


Eugene Gifford Grace, member of 
the American Institute of Mining, 
Metallurgical and Petroleum Engi- 
neers since 1912, left at his death a 
rich legacy—the example of a life 
lived in successful achievement of 
great purposes 

Endowed with rare qualities of in- 
tellect and a capacity for inspiring 
leadership, he devoted his long 
career to developing Bethlehem 
Steel into the world’s second largest 
steel producer and largest ship- 
builder 

He was a supporter of research 
that led to steadily improving meth- 
ods and products. And he was a 
leader in bringing about harmonious 
employer-employee relations in his 
own company and in the steel indus- 
try 

Mr. Grace was graduated in 1899 
from Lehigh University as an elec- 
trical engineer, going immediately 
to work for Bethlehem. From his 
first job as a crane operator, he rose 
to general manager in 1908 and 
president in 1916. After long serv- 
ing as Bethlehem’s chief executive 
officer, he continued in that capacity 
following his election as chairman in 
1945. He became honorary chairman 
n 1957. His death occurred July 25, 
1960, in his 84th year 

He was accorded numerous hon- 
ors during his lifetime, including the 
AIME Rand Medal, as well as the 
Gary Medal and the Bessemer 
Medal 

The JouRNAL or METALS is proud 
to record here its appreciation of 
Mr. Grace and of his many contri- 
butions to the steel industry 


OBITUARIES 


William J. Reilly (member, 1955) 
died on July 9th. At his death, Mr 
Reilly was general manager of the 
Steel div., Ford Motor Co. He started 
with Ford as asst. superintendent of 
the steel division in 1946. Prior to 
this he was with the Youngstown 
Sheet & Tube Co 


NECROLOGY 


Date Date of 
Elected Name Death 
1927 Bateman, Gien I Jar 24, 1960 
Crease, H Unknown 
1914 Dicke on, EH June #, 1960 
1948 Duff Edward J Nov 15, 1958 
git Fujit Heitaro Unknowr 
917 G GH June 24, 1960 
829 Jot F M h 15, 1966 
195¢ ch, R_A Marct 8. 1959 
901 M ose Horace June 20, 1960 
Leg f Honor 

1955 Re Ww. J Jul 9. 1960 
1914. Wright. L. Ira June 16, 1960 
1940 Jose R Unknowr 
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‘oming Events 


Sept. 15-16, Eighth Annual Engineering Man 
agement Conference, Morrison Hotel, Chi- 


Sept. 19-20, 58th Fall Meeting, Steel Founders’ 
Society of America, The Homestead, Hot 
Springs, Va 


23-24, Southern Ohio Section, NOHC, 
Annual Technical Conference, Deshler, 
Hilton Hotel, Columbus 


Oct. 3, Chicago Section, NOHC, Fall Dinner 
Meeting, Phil Smidt’s Restaurant, Hammond, 
Ind 


Oct, 5-7, Rocky Mt. Minerals Conference, New 
howse Hotel, Salt Lake City 


Oct. 12, Annual Meeting of the Cast Bronze 
Bearing Institute, Grove Park Inn, Asheville, 
N. ¢ 


Oct 12-13, Seventh National Symposium, 
American Vacuum Society, Cleveland 
Sheraton Hotel, Cleveland 


Oct. 12-14, Fourth Conference on Analytical 
Chemistry in Nuclear Reactor Technology 
First Conference on Chemistry in Redines 
Reactor Technology, Gatlinburg, Tenn 


Oct. 13-14, Southwestern Section, NOHC, Fall 
Meeting, Statler-Hilton Hotel, Dallas 


Oct. 13-15, 1960 Annual Meeting of the Non 
Ferrous Founders’ Society, Grove Park Inn, 
Asheville, N. ¢ 


Oct. 17-18 Annual Convention, The Magne 
sium Association, Pick Carter Hotel, Cleve 
land 


Oct. 17-20, Fall Meeting of The go 
Society of AIME, Sheraton Hotel, Phila 
delphia 


Oct 17-21, Fall Meeting of the Societe 
Francaise de Metallurgy Maison de la 
Chimie, Paris 


Oct. 23-26, Seminar on Rare Earth Research, 
Arrowhead Center, University of California, 
Los Angeles 


Oct. 28, Eastern Section, An 
Warwick Hotel, Philadel 


nual Conference 
phia 


Nov. 4, Pittsburgh Section, AIME, 15th An 
nual Off-the-Record Meeting, Penn-Sheraton 
Hotel, Pittshurgh 


Nov. 8-11, First National Die Casting Exposi 
tion and Congress, Detroit Artillery Armory, 
Detroit 


Nov. 14-16, Fifteenth Technical and Operating 
Conference Steel Founders Society o 
America, Hotel Carter, Cleweland 


Nov. 30-Dec. 2, AIME 18th Electric Furnace 
Conference, Morrison Hotel, Chicago 


Jan. 18, 1961, Conference on Bar and Allied 
Products, sponsored by Mechanical Working 
Committee of The Metallurgical Society, 
Penn-Sheraton Hotel, Pittsburg 


Feb. 26-March 2, 1961, AIME Annual Meeting, 
Chase & Park Plaza Hotels, St. Louis, Mo 


Mar. 13-14, 1961, 59th Annual Meeting, Steel 
Founders’ Society of America, Drake Hotel, 
Chicago 


Apr. 10-12, 1961, 44th National Open Hearth 
Steel Conference and Blast Furnace, Coke 
Oven and Raw Materials Conference, Shera 
ton Hotel, Philadelphia 


Apr. 26-27, 1961, Cleveland Section The 
Metallurgical Society Technical Conference 
" High Temperature Maternals Hotel 


Carter, Cleveland 
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THE METALLURGICAL SOCIETY 


Program and Abstracts 


Program Committee 


C. R. Taylor, Chairman 
ISD Program Committee 


David Swan, Chairman M. A. Steinberg, Chairman 
and and 

Alan Lawiey, Vice Chairman W. R. Opie, Vice Chairman 

IMD Program Committee EMD Program Committee 
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General Information 


Admission to Sessions: Only those persons who have 
registered for the Fall Meeting of The Metallurgical 
Society will be admitted to technical sessions spon- 
sored by the Society and held at the Sheraton Hotel 

Registration: Avoid the rush if you arrive for the 
meeting before Monday by registering on Sunday 
evening. The registration desk will be located in Par- 
lors A and B in the Sheraton Hotel. Hours as follows 
Sunday, 3:00 to 9:00 pm; Monday through Wednesday, 
8:00 am to 4:00 pm; Thursday, 8:00 am to 3:00 pm 


Registration fees 
AIME Member 
AIME Student Member 


$5.00 
No fee 


Nonmember $10.00 


Nonmember Student $1.00 


Authors’ and Chairmen’'s Breakfasts: Breakfast meet- 
ings for authors and chairmen participating in each 
day's sessions are scheduled as follows: Monday at 
8:00 am, Tuesday through Thursday at 7:30 am, all in 
the Constitution Room 


Copies of papers: In general, copies of individual 
papers presented at the Fall Meeting are not available 
from The Metallurgical Society. Exceptions exist in 
the cases where symposiums are published in a unit, 
such as the Nuclear Metallurgy series. Notice of the 
availability of such publications ordinarily appears in 
meeting programs and the Journal of Metals as well 
as other periodicals in related fields. Authors are at 
liberty, of course, to distribute copies of their own 
papers; therefore, it is suggested that persons wishing 
to obtain such copies contact authors directly 


Summary of ASM Technical 


Sessions 
Monday, Oct. 17 


All day Non - oxide 


Fuels 


ASM-AEC Conference 
Compounds for Nuclear 


Materials for the Aerospace Age 
Physical Metallurgy I 


9:00 am 


Metal Joining 


2:00 pm 
Physical Metallurgy I 


(Continued on next page) 


Will you get YOUR share? 


There is every indication that the Sixties will 
be big years for American technology and that 
metals men will continue to play a critical part 
in expanding scientific, industrial, and educa- 
tional activity 


The Metallurgical Society of AIME 
29 West 39th Street 
New York 18, New York 


Gentlemen 
interested in joining the Society 


further information and an 


I am 
Please send me 


application for membership 
Name 
Address 


This prospect calls for personal evaluation to 
assure that you will be able to take advantage 
ff increased opportunities in the immediate 
future. In short, have you provided for personal 
and professional development to keep pace with 
rapid progress during the important years Just 
ahead? 

If you are not yet a member, you may wish 
to use the coupon at left to obtain information 


about our potential contribution to your de- 
velopment. 


The Metallurgical Society of AIME 
29 West 39 Street, New York 18, N.Y. 
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(Summary of ASM Sessions, Continued) 


Wednesday, Oct. 19 
2:00 pm — Recent Advances in Metallurgical Mi- 
croscopy 
Stee! III 
High Temperature Materials 


Thursday, Oct. 20 


9:00 am 


Tuesday, Oct. 18 

9:00 am Failure Analysis I 
Phase Diagrams 
Steel I 


Effects of Structure on 
Nuclear Materials 
Effects of Structure on Properties II 
Embrittlement 


Failure Analysis II Properties I 
Stainless Steels 

Steel II 2 
Plastic Deformation 


2:00 pm 


00 pm 


Monday, Oct 
9:00 am 


Monday, Oct 
2:00 pm 


Condensed Program - Aime Technical Sessions, 


Sheraton Hotel, Philadelphia 


West Ballroom 


Metallurgy in the 
Army 


Metallurgy in the 


Army 


East Ballroom 


Thermodynamics Recent Advances 
Phase Equilibria, in the Metallurgy 
and Structure of Stainless Steel 


Symposium) 


Observation of Recent Advances ir 
Imperfections the Metallurgy of 
Grains, and Stainless Steel 
Surfaces Symposium) 


Pa Room—FEast 


Pa. Room—West 


Ingot Structure 
Control I 
Symposium) 


Ingot Structure 
Control 
Symposium) 


Diffusion 
Symposiun 


Diffusion 


Tuesday, Oct 
9:00 am 


Tuesday, Oct 
11:00 am 


Tuesday, Oct 
2:00 pm 


Titanium 
to 10:30 am) 


Institute of Metals 


Lecture 


Versus 
and Aluminum 
Pressure Ve 
H ydrospace 
ospace, and Space 
Symposium) 


Phase 
Transformations 
(to 10:30 am 


Mechanical and 
Metallurgical 
Principles 
Affecting Hot 
Extrusion 

Panel Discussion 


Process Simulation 


Symposium 


Theory and 
Application of 
Chemistr) 
Symposium 


Physical 


Effects of 
Extremely 
Pressures 
Symposium 


High 


Effects of 
Extremely 
Pressures 


High 


Wednesday, Oct. 19 
9:00 am 


Wednesday, Oct. 19 
2:00 pm 


Diffusion Controlled 
Processes 
to 10:30 am 


Refractory Metal 
and Alloys 

Sheet Program 
Symposium 


Symposium on Effects of Gases 
Metallic in Metals 
Moderators and ‘to 10:30 arn) 
Cladding 

Materials 


Structural 
Materials in 
Cryogenic 
Design 
Symposium 


Symposium on 
Metallic 
Moderators and 
Cladding 
Materials 


The Decomposition 
of Austenite by 
Diffusional! 
Processes 
Symposium 


The Decomposition 
of Austenite by 
Diffusional 
Processes 
Symposium) 


Physical, 

Electrical, and 
Magnetic Properties 
of Metals and Alloys 
to 10:30 am 


Plastic Deformation 
I 


Thursday, Oct 
9:00 am 


Thursday, Oct 
2:00 pm 


Refractory Metal 
Activities in Europe 
(Symposium) 


Refractory Metals 


Plastic 


Powder Metallurgy 
Deformation II I 


Creep. Fatigue 


Powder Metallurg) 
and Fracture Il 


Engineering 
Fundamentals of 
the Rolling 
Process 
(Symposium) 


Textures 
Recr allizatior 
und Recovery 


Precipitation 
and Dispersed 
Phases 
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Special Events 


Army Day Luncheon: On Monday, October 17 
the opening day of the Fall Meeting, the Institute 
of Metals Division will sponsor a symposium on 
Metallurgy in the Army—Requirements, Appli- 
cations, and Research. This is the second in a 
series of armed services presentations intended 
to acquaint those engaged in nonmilitary re- 
search and development activities with the scope 
and extent of corresponding military activities 

In conjunction with the symposium, there will 
be an open luncheon featuring a talk by John R 
Townsend of the Office of the Director of De- 
fense Research and Engineering entitled “The 
Role of Metals in National Defense.” Luncheon 
tickets, priced at $3.75, must be purchased be- 
fore 9:30 a.m. Monday at the Registration Desk 


Institute of Metals Lecture: Formerly known as 
the IMD Annual Lecture and customarily pre- 
ented at the Annual Meeting, the Institute of 
Metals Lecture will be given at the Fall Meeting 
this year. Entitled The Work Hardening of Metal 
Crystals, the lecture will be given by Professor 
N. F. Mott, F.R.S., of Cavendish Laboratory in the 
Department of Physics, Cambridge University, 
Cambridge, England, beginning at 11:00 a.m. on 
Tuesday, October 18, in the West Ballroom of 
the Sheraton Hotel 


Annual Fall Dinner: The annual Fall Dinner 
of the Society will be held in the Pennsylvania 
Room of the Sheraton Hotel on Tuesday, October 
18, at 7:30 p.m. Preceding it at 7:00 p.m. will be 


an open cocktail party in the Constitution Room 
Ladies are welcome at both events, of course 
Dress is informal (business suits) 

Dinner tickets are priced at $6.50 and will be 
on sale at the Registration Desk. In order that 
adequate facilities may be provided, registrants 
are urged to buy their dinner tickets as early as 


possible 


Powder Metallurgy Luncheon: This luncheon, 
which is open to all who wish to attend, is a tra- 
ditional activity for powder metallurgists attend- 
ing the Fall Meeting. Noted for its informality, 
the luncheon is conveniently scheduled between 
morning and afternoon technical sessions on 
Thursday, affording an excellent opportunity to 
renew old friendships and make new ones in a 
most pleasant atmosphere. Tickets priced at 
$4.00 will be on sale at the Registration Desk 
throughout the meeting. Because of the popular- 
ity of this event, it is advisable that you purchase 


tickets early 


National Metal Congress: The Fal! Meeting is 
being held in conjunction with the National 
Meta! Congress sponsored by the American So- 
ciety for Metals. In addition to the technical ses- 
sions being held on Monday through Thursday 
(see summary, pages 2 and 3), ASM is sponsoring a 
weekend seminar on Saturday and Sunday, Oc- 
tober 15 and 16, the subject of which is Strength- 
ening Mechanisms in Solids. Both the seminar 
and the technical sessions will take place at the 
Bellevue-Stratford Hotel 
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Sunday, October 16 


3:00 


to 9:00 pm 


4:30 pm 


5:30 pm 


7:00 


pm 


Monday, October 17 


8:00 


am 


am to 4:00 pm 


noon 


pm 


pm 


Tuesday, October 18 


7:30 


9:00 


9:00 


9:00 


11:00 


12:00 


am 


am to 4:00 pm 


am 


an 


noon 


CALENDAR OF EVENTS 


Registration 
(Parlors A and B) 
IMD Program Committee 
Meeting 
(Connie Mack Room) 
IMD Scope Committee Meet- 
ing (Connie Mack Room) 


Met. Sox Met- 
allurgical Meet- 
ing 
(Room 556) 


Committee on 
Profession 


Breekfast for Authors and Ses- 
sion Chairmen 
(Constitution Room) 

Registration 
(Parlors A and B) 

IMD Chemistry and Physics of 
Metals Committee Meeting 
(Place to be announced) 

Army Day Luncheon 
(East Ballroom) 

IMD High-Temperature Alloys 
Committee Meeting 
(Independence Room) 

IMD Publications Committee 
Meeting 
(Connie Mack Room) 

IMD Ferrous Metallurgy Com- 
mittee Meeting 
(Parlors C and D) 


Breakfast for Authors and Ses- 
sion Chairmen 
(Constitution Room) 

Registration 
(Parlors A and B) 

IMD Structural Materials Com- 
mittee Meeting 
(Independence Room) 

Met. Soc. Publications 
mittee Meeting 
(Room 547) 

IMD Non-Ferrous Metallurgy 
Committee Meeting 
(Parlors C and D) 

IMD Corrosion Resistant Metals 
Committee Meeting 
(Connie Mack Room) 

Institute of Metals Lecture 
(West Ballroom) 

Yale Metallurgical 
Luncheon 
Room 548) 


Com- 


Alumni 


12:00 noon 


4:00 


4:00 


pm 


pm 
7:30 


pm 


Wednesday, October 19 


7:30 am 


8:00 am to 4:00 pm 


12:00 noon 


12:00 noon 


12:30 pm 


4:00 pm 


Thursday, October 20 


7:30 am 


8:00 am to 3:00 pm 


12:00 noon 


12:15 pm 


Executive Committee 
Luncheon Meeting 
(Constitution Room) 

IMD Membership Committee 
Meeting 
(Independence Room) 

IMD Melting and Casting 
Committee Meeting 
(Connie Mack Room) 

IMD Physical Metallurgy Com- 
mittee Meeting 
(Parlors C and D) 

IMD Refractory Metals Com- 
mittee Meeting 
(Room 527) 

Cocktail Party 
Guests 
(Constitution Room) 

Annual Fall Dinner 
(Pennsylvania Room) 


for Dinner 


Breakfast for Authors and Ses- 
sion Chairmen 
(Constitution Room) 

Registration 
(Parlors A and B) 

IMD Titanium Committee 
Luncheon Meeting 
(Room 548) 

IMD Powder Metallurgy Com- 
mittee Executive Group 
Meeting 
(Place to be announced) 

Metallurgical Society Board of 
Directors Luncheon Meeting 
(Constitution Room) 

IMD Nuclear Metallurgy Com- 
mittee Meeting 
(Connie Mack Room) 


Breakfast for Authors and Ses- 
sion Chairmen 
(Constitution Room) 

Registration 
(Parlors A and B) 

IMD Shaping and Forming 
Committee Luncheon Meet- 
ing 
(Room 548) 

Open Luncheon Sponsored by 
IMD Powder Metallurgy 
Committee 
(Tiered Balcony) 
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Metallurgy in the Army egregated, randor st probable and dispersed. The theory can 
pplied t the nd dual phases as well as to the systen a 
Requirements, Applications, and Research wi 
Statist ig cance tests have been proposed for the state 
9:00 am to 12:00 m, West Ballroom ments on distribution. A_ statistical distribution index has beer 
le ed t lete e the degree egregat m or dispersik 


i Materials 


ission 


. This wo has been supported by tr Metallurg 
(Sponsored by Institute of Metals Division ) 


Chairmen: J. L. Martin, Ordnance Materials Research Phase Diagram of the Pseudo-binary System Bi,Te,- 
Office, and David Swan, Union Carbide Metals Co Sb.Te,: J. R. Wiese and Richard Pyle, Franklin In- 
R & D: Shield for the Future: Lt. General A. G. Tru- stitute Laboratories 
deau, Chief of Research and Development, Depart- The 


semiconductor compounds BisT« and SbeTes are isomorphous 
ment of the Army with a rhombohedral (C33) structure. X-ray analysis, using powder 
Technical Session: Metallurgical and Related Require- techniques, indicates these compounds are solubl ench omer i 
4 : ill proportions. Cooling curves were obtained at ole pet com 
ments and Application positi ntervals by conventional thermal analysis techniques and 
Combat and Tactical Vehicles: C. B. Salter, U. S. Army ndicate that the liquidus and solidus of the system are very 
near congruent. The solidus cor ywitions were confirmed by 

Ordnance Tank-Automotive Command polarographic analysis. Thermal expansion data is also presented 
This work has been sponsored by The Thermoelectric Effects 


Communication S. B. Levin, Deputy Director, In- 
titute for Exploratory Research, U. S. Army Signal 
Corps Structural Study of the Compound AgSbTe.: R. W 

Solid Prope llant Rocket Motors J L M« Daniel, Tech- Arn strong, J Ww Faust, Jr ‘ and WwW A Tiller, West- 
nical Director, Research and Development Opera- inghouse Electric Corp 
tions, U. S. Army Ballistic Missile Agency 


Research Cooperative Progran 


x " optical and electron microscope and chemical etching 
tect que have been used to investigate a striated microstructure 
ybserved in zone refined single crystals of the AgSbT« structure 


Thermodynamics, Phase Equilibria, and Structure This microstructure, originally thought to be fine twin lamellae, has 
been identified as a Widmanstatten precipitate of SbyTes upon the 

9:00 am to 12:00 m, East Ballroom 111! planes of the matrix fcc material. In addition, the evidence 
btained fron : the measurements made on this material 

ion of Research Abstracts) indicates that the ternary compound of the AgSbTe, type does not 


(Based on Submi 


Chairmer J. B. Newkirk. General 
S. K. Nash, Frankford Arsenal 


Electric Co. and 


Miscible Laves-type Compounds in Ternary Systems 
J. B. Darby, Jr.. Argonne National Laboratory 


Thermodynan ics of Solid Iron Pp D Anderson and E 
The pseudobinary sections between known AB, phases composed 
Ralph Hultgren University of ¢ alifornia of transition elements and having a Laves-type structure have been 


investigated at 900°C in 20 ternary systems using optical and X-ray 
Heat tent f extremely pure mn have been measured fror etallography. The selected systems conform to the following 
ture to 1160°C in a diphenyl! ether calorimeter. Thre« restrictior 

ple ‘ ed. f widely different sour 1 with dif 1. The A-elements are from Groups IVB and VB 
md with diffe g trace purities. Results agreed 2. The B-element is common to both component compounds and 
‘ he witt expe ental precision and with higher s a transition element of the first or third long period and 

‘ ture eat ntent ecentls published bs Olette ind from Group V through Group VIII 

. ‘ +> tat t t to the melting point Bott ponent compounds have the same structure type 


Laves-t) 


the binary 


miscibility between 


‘ t ( ements found the terature agree we m was found in the majority of the systems investigated 
i but diverge wide fror ne the and The st ty of C14 and C15 compounds will be discussed in terms 
the table t high temperature The table differs significant): f size and electronic considerations 
yuantitic te ed t Darke ind Smit? ind other fre This abstract is based on work performed at the Argonne Na 
tior n phase equilibr It was shown that reasonable ex tional Laboratory under the auspices of the US. Atomic Energy 
f he enthalrs Fe t roon temperature Commissi« 


Isothermal Section of the Cr-Zr-O System at 1200°C 
i Chung-kong Hwu and Michael Hoch, University of 
+ B+. Ky ide possible by financial support from the Cincinnati 


The isothermal section of the Cr-Zr-O system at 1200°C was in- 


Statistical Description of Distribution of Phases: D. E using high temperature and room temperature powder 

X-ra i ctior ind micrometallographic methods. The samples 

Gucer, Brown University were prepared by mixing the metal powders and their oxides and 

heating t 1200°¢ under high vacuun until equilibrium was 

An attempt has been made t pply the theory of runs of mathe »btained. The system showed one ternary compound, CrsZryO with 
ute tatistics together with the point count method to the quar the « type structure and lattice parameter of a 11.957 002 A 

tive ptior f the tate of distributior f phases r ’ The homogenity range of the single phase regions in the t ary 

ulti-p? ea systen s very narrow, the 6 Zr be« being the largest, extending 

I ‘ be« howr that the point count method from 3 atomic pct 0 in the Zr-O binary to 6 atomic pct Cr in the 


ndividua! jiagram consists of large three-phase 


tetragonal’ 
t-Zro 


tribut dire fd sior z This research was supported in part by the Aeronautical Research 
quent three tate f distribution are distinguished the Laboratory WADD Air Research & Development Command 
runs 
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Zirconium-rich Corners of the Ternary Systems Zr-Co- 
O and Zr-Ni-O: M. V. Nevitt and J. W. Downey, 
Argonne National Laboratory 

boundaries for 950°C isotherr 
stems Zr-Ce ) ar Ni ay 


range fror 
exhibit phase relations which are sin 


positior 


lid solution phase fields 
ZrsB stoichiometry for the metal 
systems with variable O content 
essentially identical Debye 
has not been identified 
existence has been previous!) 
powder patterns a tetragonal 
lattice parameters ‘ 367 
apparentiy a CuAl 
Hf,Ni. The 


structure and another large 


1.54 for CuAly-type phases 


fall betweer 
range 1.05 to 1.27 for Ti,Ni-type 


to the 


rser liams and W. H. Pechin: Crystallographik 
Relationships « Zirconium-Cobalt Systen Ames 
or State Univesrity of Science and 


w Li 
i Pr 
bora 


tor 
F <patr DM Bailey and D. E 

ystallographic Phase Relationships of the Nickel 

and Nickel-Hafnium Systems, Ames Laboratory Report 
State JIniversity of Science and Technology 


Hafnium Phase Diagrams, U.S. Bureau of Mines 
USBM-U-623, July 1959, p. 29 
irdorf: Private Communicatior 
t based on work performed at the Argonne Na 


Laboratory under the auspices of the U.S. Atomic Energy, 


Occurrence of AB, Compounds in Binary and Ternary 
Transition Element Systems: A. E. Dwight, Argonne 
National Laboratory 

nade of the occurrence of ABy compounds in which 


elements living to the left and right 
vestigated 


transitior 
the Mn group. Compounds were 

ng prototypes: TiNi MgCds, TiCu 
‘or the first three, which possess 
between the c/a ratio and 

1ibit variants of a cubik 

was studied for the 

the \ ious cry 

periodic table 

the A elemer 
Ti groups, indicates that 
group elements than the 
sections were constructed be 
particular between 


Pseudo-bir 

AB, compounds 

compounds 
performed under the auspices of the U.S. Atomic 


Various 


Effects of Annealing on the Structure of Pyrolytic 


Graphite: E. R. Stover, General Electric Co 


ytic graphite deposited from methane betweer 1700 and 


ntains sheets of carbor storms arranged in the basal 
reveals ttle nit crvystall 
ver a ion is about 


microscope observations 
all crystals separated by 


1000 the 


process been studied 


structure characteristic perfect 


restrained by certain features of 
which contain a greater 
crystals 


Straightening o layers is 
the microstructure vrolytic deposits 
regions aving high misorientation betweer 
softening at higher temperatu 
contributior to 
compressive stress 
upon heating, due 


umber of 
rgo dimensional change and 
nealing. It is suggested that a 

for annealing results from the 
verpendicular to the layers at dihedral angies 


sotropy of thermal expansion in graphite 
Hanford Atomic Products 


work was sponsored by the 
and supported by the 


Operation of the General Electric Company 
US. Atomic Energy Commission 


Recent Advances in the Metallurgy of Stainless Steel 
9:00 am to 12:00 m, Pennsylvania Room-East 


(Sponsored by IMD Corrosion Resistant Metals 
Committee) 


Chairmen: S. A. Rosenberg, National Bureau of Stand- 
ards, and L. R. Scharfstein, The Carpenter Steel Co 


17-7 PH Stainless Steel 
K. Manning 


Mechanism of Hardening in 
E. E. Underwood, A. E. Austin, and G 
Battelle Memorial Institute 

Influence of Carbides on the Transformation Behavior 
of Semi-austenitic Stainless Steels: G. N. Aggen and 
R. A. Lula, Allegheny Ludlum Steel Corp 

Quantity and Form of Carbides in Austenitic and 
Precipitation Hardening Stainless Steels: R. J 
Bendure, L. C. Ikenberry, and J. H. Waxweiler, 
Armco Steel Corp 

Submicroscopic Structures in Tempering of 410 Stain- 
less Steels: J. J. Hauser, J. M. Capenos, and B. R 
Banerjee, Crucible Steel Corp. of America 

Dependence of Creep Rupture on Creep Behavior 
F. Garofalo, R. W. Whitmore, W. F. Domis, and F 
von Gemmingen, U. S. Steel Corp 


Ingot Structure Control I 


9:00 am to 12:00 m, Pennsylvania Room-West 


(Sponsored by IMD Melting and Casting Committee) 


M. C. Flemings, Massachusetts Institute of 


Chairmen 
Leontis, Dow Metal Products 


Technology, and T. E 
Co 

Quantitative Treatment of Ingot Structure Control 
W. A. Tiller, Westinghouse Electric Corp 


The unidirectional freezing of a semi-infinite liquid from one 
been treated by calculating the solute and temperature 
and time ahead of the solid-liquid in 
proportional to (time The 
probabilit for new grain formation is calculated as a 
function of the constitutional and thermal properties of the 

the pouring conditions and the catalytic efficiency of the 

at t agents. A transition from columnar to equiaxed crystal 
formation can be determined. The grain sizes in these two zones 
of the ingot has also been calculated. The effect of a finite ingot 
has also beer nsidered and in such an ingot the end-effects be 


come very important. The theoretical predictions are in good agree 


ment with experiment 


end has 
distributions with positior 
terface which advances at a rate 


nu eatior 


Metals: J. L. Walker 


Solidification in Undercooled 
General! Electric Co 


The specific problem in this presentation is the determination 
of the dependence of the grain size of nickel on the undercooling 
it which crystallization is initiated. This dependence has been 
the subject of considerable peculatior 
cause of the difficulty encountered when an attempt is 
undercool large samples of metal, very little information has been 


among metallurgists. Be 
made to 
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ES Scherrer patterns but their st oy 

The binary phase Zr.Co 
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structure, isomorphou with or 
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order betv 
boundaries; thes« re arranged ir phe mn alse 
fig ntersect in tilt boundaries. The maximum size and radii of curva PC a 
i ture f the zones, and the angles of tilt at the boundaries are ae 
important features of the microstructure 
tend to straighten. This in 4 variety of 
tic graphite deposits heated to succes higher tempera 
tures. Changes in dimensions, physical properties nd = micro 
; hardness have been correlated with changes in structure as revealed ; name 
by X-ray diffraction and both optical and electron metallograpt 
There et expansion parallel to the surface of deposition and 
' ger ntraction perpendicular to this plane. There is also a . = 
reduction in hardness as 4 cryst?) 
graphite is approached 

hed 

are 
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dercooled metals 
amples of nickel 
prepare the spectis 


has beer 


possible in terms 
in a melt 
critical 


where 


growth of crystals 
gralr it a 
narked increase @n the 
to that of growth. Pre 
velocity it large under 
related to the u i 
suggesting a relatio 
leate nd a mechani 
‘ « ‘ cur nickel rystallizes it 
The results indicate that pressure fluctuations ir 
ficant changes in grain size 


listu whe 
undercoolir 

undercooled meit can produce ign 
Segregation in Alloy Ingots: J. W. Holladay, Battelle 


Memorial Institute 


lewed. The fac 
discussed for 


slloys is re 
sl freezing are 
gressively freezing etal 
rt stages of freezing of 
chilled yer, the 
to iffecting 


The theory of 
flecting 
plified red case of bar of n 
ippiled is 

old ition in the 

ror onsidered. Fac 
sdidition or impurity 
dient 4 mixing 
dificatior Segregation is 
coefficient, Le ratio 
the solid to its cor 


rate of 
the distribution 


ving element in 


liquidus curve 
segregation to 
discussed, The 


precipi- 


the slope of the 
The tendency for 
alloy ingots are 
non-equilibrium 


liquid, and to 
diagram 


in the 
Mar phase 

n, titanium ind other 
and sulfide films 
segregation theory 


of oxide and 


explained by 


Diffusion 
9:00 am to 12:00 m, Hall of Flags 
(Sponsored by IMD Chemistry and Physics of 
Metals Committee) 
Chairmen: C. A. Wert, University of Illinois, and R. A 
Swalin, University of Minnesota 
Diffusion in Magnetic Materials: C. E. Birchenall, Uni- 
versity of Delaware 
Self-diffusion in Silver-Gold Alloys: L. Slifkin, Uni- 
versity of North Carolina, and W. Mallard, Emory 
University 
Effect of Simultaneous Plastic Strain on Diffusion in 
Metals: R. Balluffi, University of IUinois, J. Darby, 
Argonne National Laboratory, and C. Tomizuka, 


University of Arizona 


Army Day Luncheon 


Monday, October 17 


12:15 pm East Ballroom 
Office of the 


John R. Townsend, 
Research 


Director of Defense 
and Engineering 


Speaker 


Topi The Role of Metals in National Defense 


Luncheon tickets, priced at $3.75, must be pur- 
chased before 9:30 am at the Registration Desk 


Metallurgy in the Army 
Requirements, Applications, and Research 
00 pm, West Ballroom 


Chairmen: J. L. Martin 
Office, and David Swar 


Brig. Gen. W 


2:00 to 5 
Ordnance Materials Research 
Union Carbide Metals Co 
Remarks J. Ely, Director, 
earch Office 
Research 


Introductory 
Army Re 
Metallurgical 

Klinker, Chemical 


in the Army: Lt. Col. L. G 

and Materials Branch, Physical 
Sciences Division, Army Research Office 

Technical Session Research 

Light Armor Materials: H. P. George, 
Laboratories, Frankford Arsenal 

Point Defects in Pure Nickel: J. J. Antal 
Goland, Materials Re Laboratory, 
Materials Research Office 

The Dilute Binary Transition 

the Recrystallization 
Watertown Arsenal Laboratories 

ition of a Multi-stage Piston 

High Pressure-High Tem- 


Pitman-Dunn 


and Allen 
search Ordnance 
Element Solutes 
of Iron: E. P 


ana 
Abrahamson I 
Metallog: Investig: 


Assembly Very 
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perature Apparatus: A. A. Giardini and J. E 
Tydings, U.S. Army Signal Research and Develop- 


ment Laboratory 


Observation of Imperfections, Grains, and Surfaces 


00 to 5:00 pm, East Ballroom 
(Based on Submission of Research Abstracts) 


Chairmen: N. Brown, University of Pennsylvania, and 
J. P. Hirth, Carnegie Institute of Technology 


Direct Observation of the Dislocation Structure in an 
Aluminum-Aluminum Oxide SAP-Type Alloy Using 
Transmission Electron Microscopy: G. S. Ansell, 
Rensselaer Polytechnic Institute, and Edwin Eichen, 
Allegheny Ludlum Steel Corp 
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Transmission Electron Microscopy Studies on Ultra- 
microtomed Metals and Alloys: V. A. Phillips, Gen- 
eral Electric Co 


An ultramicrotome employing a diamond knife was successfully 
used to cut a variety of metals and alloys, including alloys based 
on copper, nicke lead, tin, aluminum, gold, silver and platinum 
The structure of the slices obtained, which were about 100-600A 
n thickness, was studied by transmission electron microscops It 

ns clear that microtoming introduces high densities of disloc: 
but recovery occurs rapidly at room temperature in | 
po materials such as lead, tin, and zine rich phases 
ting to s grain formatior In other materials, such as copper 
u silver high densities of dislocations are frequently observed 
Dislocations may be introduced by the cutting operation itself or by 
the bending which decurs as the slice is removed from the sample 
certain grains in copper, silver and gold high densities of 
sre observed running in one direction. These fault bands 
trains of widely dissociated glissile dislocations which may 
slip plane or on a group of parallel planes 
nacro-distortion of the structure is observed and 
second phase particles of sizes ranging from about 7 A to lw or 
more have been studied 


Radiation Hardening in Copper Single Crystals: I. G 
Greenfield and H. G. F. Wilsdorf, Franklin Institute 
Laboratories 


The mode of deformation of copper single crystals is considerably 
altered by irradiation with high energy neutrons of a dose of 10 
characteristics of the stress vs 
strain curve in fee metals is observed however the curve is 
sltered greatiy by irradiation from what is found with non 
irradiated high-purity y . The important differences due t 
irradiation are ] ritical resolved shear stress is increased 
ibout eight fold length of easy glide is increased : 
serrations are noted during deformation in easy glide, and (4) the 
rate of hardening in the linear hardening region is decreased. In 
the past, the slip lines found in irradiated copper have been con 
sidered to be similar to those found in a-brass. In the present in 

gatio ir which a high resolution electron microscopical 
technique was used, the slip line structure was found to be 
rather different. Instead of the deep steps common to alpha-brass 
rradiated copper contained clusters of fine slip lines spaced 
ibout 90A apart 

The mplicatior the quantitative measurements of slip li 

n ind f direct observation of interactions of glide 


radiation produced defects ir thinned single 


vt total flux The general 


ns with 
als have been considered. The experimental results has led to 
explanation of the mechanism of radiation hardening in copper 


Direct Observations on Twinning and Grain Growth in 
Austenite by Thermionic Emission Electron Micros- 
copy: W. L. Grube and S. R. Rouze, General Motors 
Corp 

ocesses of twinning and grain growth ir justenite during 
have studied utilizing thermionk electror 
op A series of lai } : were employed f the 


which were mper in the range 850 
Results t are in agi r Burke ob 


emissior 


nsior 
twin 
des 
atior eT boundaries 
obser 
suggested 


that the 
ition piane 
on copper 


nonconerent 

ctahedral twin boundary 

boundary segments n 
ip to 190 a per ave been measured 


yicture film tliustrat grain boundary migration and 


interactior und twin formatior wnd annihilation at the annealing 

temperature will be show: The film also illustrates the particular 

sdvantage of cinematic recording in these studies where both time 
event are recorded simultaneously as the action proceeds at 
perature 


Cine Photomicrographic Studies of Mechanisms of 
Metal Whisker Growth: W. J. Allan and W. W 
Webb, Union Carbide Metals Co 


Recent studies of the now well-known pocesses for growth of 
strong metal whiskers by reduction or decomposition of volatile 
metal halides have revealed that the mechanisms are quite dif 
ferent from those first anticipated. Ciné photomicrography at mag 
nifications up to 100X and camera speeds ranging from ‘s to 64 
frames per sec have provided a means of observing the mechanisms 
of these growth processes. Growth rates 2 a function of whisker 
length have been measured for the several reactions and the 
results compared with various theories and models of the growth 
process. Growth rates as high as 0.1 mm per sec have been ob 
served to produce whiskers of nearly theoretical strength. Except 
in the growth of palladium whiskers by thermal decomposition of 
PdCh the growth rates are independent of whisker length It 
has been found that the reduction reaction takes place in a con 
densed phase on the growing surface in most cases. Many of the 
peculiarities of growth form that have been observed and pre 
viously reported can be understood from these results. For ex 
umple, the formation of kinked and bran hed whiskers, irregular 
filaments, helices, et« can be seen to be a natural consequence 
f the growth mechanisms. The observations suggest some interest 
ing implications about the mechanisms of some of the high-temper 
sture reactions involved in metallurgical processes. Motion pictures 
of the growth of palladium copper and silver whiskers and other 
crystals will be shown to demonstrate the mechanisms discussed 


Dislocations in Zinc: V. V. Damiano and G. S&S. Tint, 
Franklin Institute Laboratories 


A technique of cinephotomicrography and continuous etching 
has been developed to reveal on 16mm motion picture film the 
three dimensional aspects of dislocations and dislocation networks 
in zine crystals. Lengths of dislocation lines were revealed by 
etching a cleaved 0001) surface after roor ternperature ging 
ef crystals containing 0.030 pet Cd. The continuous dissolution 
of the 0001 surface reveals long continuous slip disioc stions 
tilt boundaries and hexagonal networks. The hexagonal networks 
are seen to lie on the (0001 and were produced by annealing a 
deformed crystal for several hours at 200°C. The results suggest 
that slip dislocations with different Burgers vectors interact to 
form the networks. The dislocations in the hexagonal nets were 
seen to be oriented in the screw orientation. Sessile dislocations 
which emerge at the 0001 surface were observed as single etch 
pits. These were seen to be located frequently at the nodes of the 
hexagonal networks. The technique enables one to reconstruct 
three dimensional models of dislocation networks 

This work has been sponsored by the OSR of the United States 


Air Force 


Dislocation Etch Pits on the (0001) Surface of Zinc 
H. S. Rosenbaum and M. M. Saffren, Gen- 


eral Electric Co 


Crystals 


An etch pit technique has been developed for revealing disloca 
tions which intersect the basal plane of zinc. The et hant involves 
either a halogen (Br or Cl) or a halogen acid (Hi, HBr, or HC! 
dissolved ir a polar organic eolvent such as alcohol ether or 
yeerol. The pits produced by HI. HBr. or Br in such a solvent 
hexagonal pyramids with the sides of the hexagon peralie! 
close-packed <1120 directions in the basal plane The 
produced by HCl or Cle are either conic sl] or hexagonal pyre 
nids in this case, the sides of the hexagon are parallel to 
1010 directions. In all cases the pits are produced with no ap 
parent decoration required 
The following evidence is offered to show that 
to dislocations which intersect the basal plane surface 
1 The etch pit patterns on the two haly cleaved 
match each other 
Deformation of the cr glide which is 


the pits correspond 


crystal 


seen as bands of etch pits para 1010 directions or 


the basal plane 
Annealing the crystal after deformation causes a4 redistribu 
tior etch pit patterr 
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cpa extended it is observed that it is not necess generating ee ae 
Pe 
grain boundary remain parallel to the comp Contrar: 
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can be nihilated t by motion of 
stepped segmer directior 
4 the nonconere es over a 
wide range. Rate 3 
| 
9 
iy 


‘4 Flat-bottomed pits are produced wher sfter an initial etch 
a stress moves the dislocations to new positions and the 
crysta s again etched 

The etching technique has been used to observe slip bands 
twins and kinks 


Stip Bands Non-basal slip is seen to occur id st roor 
temperature or in liquid N By correlating the etch pit bands 
on the basal plane with deformation m ! on a polished surface 
perpendicular to the basal plane the second order pyt jal slip 


plane 1122 was confirmed On annealing the dislo« t 
irrange themaec es in such a way that they lie in the basal piane 


leaving kinks on the basal surface with few etch pits along the 
KINKS 

T ne A row of dislocations is seen to emanate from the tip 
of mechanical twins These dislocations apparently lie oF the 
twinning plane 

Kini One can distinguish kinks whict sre manifestatior of 
disiocation lving parallel to the basal piane from other markings 
like ip bands which are con posed of dislocations it tersecting the 


basal plane 


Surface Markings and Their Relation to Dislocations 
in Aluminum: J. M. Lommel, General Electric Co 


Wher » smooth-surfaced sample of aluminum Is cooled from a 
high temperature pits develop on the surface Dougherty and 
dD is } e shown that these pits are formed by the condensation 
of cancies fron » lattice which has been supersatur ited. The 
upersaturation arises trom the decrease in the equilibrium con 
centratior f icancies witt decreasing temperature nd yeocurs 
in regions removed from such vacancs sinks as grain boundaries 
ubgrain boundaries ind previous formed pits. It has been sug 
gested that pits nucleate at sites where disiot sitions intersect the 

irftace 

x : diffraction microscops has beer used to compare the 
distribution of dislocations wit! the distributior rf cancy pits 
for ed on heat-treated samples. Since the. X-ra technique ¢ rt 
be ised or heavil oxidized mples the comparisor has beer 

ide afte everal different treatments of the surface Elect: 
polishing and ion bombardment have been used to clear the su 
face of pitted ple Although pit and dislocation densities € 
re the s e in the egior nvestigated, no one-to-one es 
pondence between pit tee and dislocations has beer »bserved 
Dislocatior e found which have not nucleated vacar pit r 
regior free ftror ibboundaries 

‘ pa n beer wie between dislocations and pits 


formed with the lutions devised by W n. Marchin and Lacombe 
ibw X-r 


the nall pit ed microfigures. can be developed. Subgratr 
boundaries de eated bs these pits ire the same m= those ob 
erved in X-ra Y rographs A correlation has been found be 
tween these pits nd decorated dislocations 


Etch-pit Characteristics of Molybdenum M. A. Adams 
and A. Iannucci, Materials Research Corp 


I the urse f nvestigatior sub-structure for itior r 
molvy bee » stud wae made of the etch-pitting produced 
" che sttack in a 1:1 mixture f 30 pet aqueous potassiun 
fer nice nd 10 pet aqueous sodium hydroxide 
b elect he ttack it pet aqueous sodium hydroxide 
ele he ca ttack if pet queour acid 
Init exp ent wit? ngle crystal containing prominent 
ryst faces indicated that tech-pit € rmed or 
100) but not r lif es i this result was 
t ed i tic he gle tale which showed that 
ted ‘ tments se pitting of n those surfaces 
100 
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Primary Oxide Films Formed on Molten Metals and 
Alloys. Electron Diffraction Study: Goro Shimaoka, 
National Research Institute for Metals. (Japan) 


Using newly de vised specimen-adaptor for study of surfaces of 


liquid metals the freshly prepared surfaces of molten tir lead, 
bismut?! lead-tin ead-zine lead-cadmium and le id-antimony 
loys in the ~ 10* mmHg at the temperatures little above 
their mei to 500°C were observed by) electron diffractior 


that the surfaces of these metals 


reflection was found 
yers ~10A thick 


snd alloys were covered with very thin oxide la 
ness These primary oxide films consisted of s 
ttice-plane characteristt of each 


oriented preferentially with a ila 
crystal in general, with the most densely packed plane of atoms 
parallel to the metal surface. On the molten tir SnO crystals were 
oriented with the 001 plane at relative low temperatures and 
SnO- crystals with the 101 planes at higher ternperatures or 
the molten lead, orthorhombic PbO crystals with the 001 plane 
on the molten bismuth, tetragonal p Bi-O» crystals with the 221 
plane; on the molten Pb-65 pct Sn and Pb-35 pct Sn alloys, SnO 
crystals with the 001 plane and SnO crystals with the 101 
plane on the molten Pb-1 pct 5Sr sliovs, SnO, crystals with the 
101) plane; on the molten Pb-0.5 pet Zr | ZnO « stals witt 
the 0001 plane on the molte Pb-iIpet Cd allo cdo « stals 
with the 001 plane und om the Pb-1 pet St! all 
crystals with the 111) ~ (001 plane parall to the etal 
to 


surface These orientation of the oxide crystals were found 
be essentially the same ss those obtained with the oxide films 


formed in alr 


On A New Technique for Studying Oxide Films on 


Aluminum: P. E. Doherty, P. C Johnson, and R. S 
Davis. Arthur D. Little, Inc 


Small surface pits are obse ed to form on electropolished sur 
faces of aluminum single crystats ing cooling fror elevated 
temperatures These pit ire ttrib to the condensatior of 

scancies from a supersaturated solutior The pits form under the 
ALO swwer. The oxide over the pits ma) be stripped off with a 
eitrocellulose replica. The oxide part les adhere t the replica 
ind ry exar ined directl electror ry croscop Ver 
thir xides may be examined by this technique. Oxide thickness 
grain size, diffraction patterns nd general appearance have been 


examined. Single crystal orientation sand oxidizing conditions ha‘ 


Recent Advances in the Metallurgy of Stainless Steels 
2:00 to 5:00 pm, Pennsylvania Room-East 


(Sponsored by IMD Corrosion Resistant 
Metals Committee) 


Chairmen: S. A. Rosenberg, National Bureau of Stand- 
ards. and L. R. Scharfstein, The Carpenter Steel Co 


Effect of Composition on Stress Corrosion Cracking of 
Stainless Steels: D. van Rooyen, Westinghouse 
Electric Corp 

Effect of Zerolling on the Mechanical Properties of 
Austenitic Stainless Steels: J. R Mihalisin and D. W 
McDowell, International Nickel Co 


evel however ner s fs 
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t 1 espondence of many of the ¢ be strengthened t plastica vill 
ge steps me t t tine the to a transformation. On the 
nit m the tw faces as ild expected if e pi pe sre - wae found that the zerolled stainless 
n di the same steels def ’ 
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A combined rolling treatment 
show that the sequence 


warm subzero or vice versa 
rolling is important 

Elevated temperature strer h can be retained at a higher tem 
perature by increasing the amount of cold reduction rather than 
lowering the temperature of reduction This is true regardiess of 
the strain rate and extending down to room temperature tests 


Temperature Dependent Fatigue and Damping in 12 
Cr Steels with Delta Ferrite: V. K. Chandhok and 
E. J. Dulis, Crucible Steel Corp 

Effect of Boron on Hot Ductility and Carbide Precipi- 
tation in Austenitic Stainless Steels: F. K. Bloom and 
E. E. Denhard, Armco Steel Corp 


High temperature tensile samples of boron-treated and non 
treated 25 pct Cr-20 pct Ni steel were fractured at varying strain 
rates at temperatures ranging from 1700°F to 2300°F. The results 
showed that boron markedly increased hot ductility 

In general, ductility increased with strain rate and temperature 
for both materials. At the lowest test temperature, and independent 
of strain rate, little difference was noted in the fracture ductility 
of boron treated and non-treated steel. The greatest difference 
noted at 2000°F at intermediate strain rates, although this 
servation should be qualified because of the deboronization 
occurred in the treated samples at the lower strain rates 
higher temperatures. At those temperatures where carbides 
out of solution, straining was accommodated by elongation of 
primary grains. At higher temperatures, grains frag- 
mented, or developed sub-grains which continued to grow until 
fracture ultimately, occurred Non-treated steel, dependent or 
strain rate and temperature, developed grain boundary voids which 
lead to premature brittle failure 

Grains that fragmented during the straining process remained 
equiaxed to the point of fracture, despite the fact that they 
elongated as much as 95 pct 

Current theories advanced to explain the improved ductility in 

rupture of boron-treated steels are not applicable to the 
investigation. The appearance of primary grain boundar) 
suggests that void formation bs vacancy condensation 
possible mechanism for elevated temperature failure 
observation of increased ductility with increasing 
but does not explain why the ductility increased 

with temperature 
Effects of Delta Ferrite on Hot Cracking Tendencies 
of Stainless Steels: F. C. Hull, Westinghouse Elec- 


tric Corp 


austenite 


Ingot Structure Control I 
2:00 to 5:00 pm, Pennsylvania Room-West 
(Sponsored by IMD Melting and Casting Committee) 


Chairmen: W 
and H. W 


A. Tiller Westinghouse Electric Corp 
Lownie. Jr.. Battelle Memorial Institute 


Relationship Between Small Scale Experiments and 
Full Scale Production: B. Chalmers, Harvard Uni- 
versity 


Unidirectional Solidification of Steel Ingots: M. C 
Flemings, S. Z. Uram, R. V. Barone, and H. F 
Taylor, Massachusetts Institute of Technology 


presented of work conducted at M.1.T. over the 
solidification of high-strength low-alloy 

ng approximately 50 Ib were cast using 

rving degrees of directional solidification 
essentially unidirectional heat flow during 

ying mold with a water 

mold were ulated 

this technique, ing were cast 

m na ires; colun trai grew per 
the water cooled base plate and extended to the 
ngot. Rate of freezing was proportional to the square 


dendritic 
results of 
determined 


measurements were made of mic roporosity 
i segregation in the experimental ingots 
nents are nterpreted Micro-porosity 


by microradiographic techniques) essentially absent in uni- 
directionally solidified ingots, except at the topmost portions For 
comparison, microporosity was found to be the order of 1 pet in 
ingots made by more conventional techniques Dendrite arm spac 
ing increases linearly with distance from the chill. Unidirectional) 
solidified ingots are remarkably free of macrosegregation, the only 
significant segregation being an increase in sulfur and silicon at 
the top of the ingots due to inclusion flotation during freezing 
Mechanical properties of unidirectionally solidified ingots are 
presented ductility is shown to exceed greatly that of ingots 
made by conventional techniques. For example, in one ingot ‘in 
the heat treated condition mechanical properties parallel to the 
columnar grains averaged approximately 290,000 psi UTS, 230,000 
psi yield strength, and 17 pct reduction in area properties were 
essentially the same transverse to the columnar grains In a com 
parable ingot produced in a sand mold average properties ob 
tained were respectively 275,000, 225,000, 6 pct The improvement 
in properties obtained by unidirectional solidification is attributed 
to 1) reduction of micro-porosity 2) improved chemical homo 
geneity on a micro and macro scale, and 3) increased freedom 
from inclusions. As a result of improved soundness and homo 
geneity, unidirectionally solidified ingots should prove to be more 
readily forgeable than conventional ingots; also wrought material 
produced from such ingots should be of unusually high quality 
ie possess high transverse ductilits little or no chemical or 
other heterogeneities, etc 


Useful and Practical Mathematical Description of 
Solidification: E. L. Foster, B. Fletcher, and C K 
Franklin. Battelle Memorial Institute 


The heat flow from a solidifying right cylindrical casting was 
described in a mathematical no jel suitable for solution by high 
speed digital computer equipment. The model was constructed by 
Jividing the casting and mold into a num ber of cells of a size 

shape which are adequate to develop the basic equations of 
Temperatures for these cells are cak ulated at short 
the time of pouring. Such casting variables 
casting ends, pouring time, separation of the 
old when heat transfer changes from conduc 
temperature dependence of thermal properties 
and solid metal and mold materials emissivities of the 
sdiating surfaces, and the heat of fusion can be evaluated 

rimental program conducted concurrently with the 
development of the analytical methods, computed predictions of 
the time-temperature history of the individual cells, solidification 
patterns in the ingot, and changes in thermal gradients during #0 
lidification proved accurate in the vacuun induction casting of 
uraniur While the symmetry of the ingot and mold, the solidi 
fication of uraniurn st a constant temperature and the absence 
of a heat-transporting gaseous atmosphere simplified the construc 
tion of the model, the general validity of the theoretical approach 

for more complex systems seeme indicated 


Diffusion 
2:00 to 5:00 pm, Hall of Flags 
(Based on Submission of Research Abstracts) 


Chairmen: C. A. Wert, University of Illinois and J. N 
Hobstetter, University of Pennsylvania 


Quantum Effects on the Diffusion of Hydrogen in 
Metals: W. R. Heller, International Business Ma- 
chines Corp 


Experiments on diffusion and solubility of hydrogen in metals 
“re summarized, with particular emphasis or metals not knowr 
to form hydrides An explanatior is proposed for the rather 

ited range of slues of the heat o »] ‘ in such metals Cor 

‘lation of D. and AH slues fror ffusion easurements is found 

suggest that quantum tunne ved hyd 
from one interstitia position to reduces both 
Experiments of the author, measuring i 
type internal frictior peak due to hy) in tron, are 
demonstrate the quantur effects upon diffusion ir another 


to he 


Solubility and Diffusivity of Hydrogen in Molybdenum 


M. L. Hill, John Hopkins University ‘ 


The diffusivity of hydrogen in m« ‘nur was determined frorr 
measurements of the non-steady rr: -volution of hydrogen fror 
specimens that had been heated hydrogen at 1 atm pressure 
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at te peratures tre 1280 to 1700°¢ quenched wu 
wate The diffu ity conformed to the relation 


er the entire range of temperatures studied which extended 
from 575° to 980"¢ 


Based of these diffusion coefficients it is concluded that no 
ignificant quantit ef hydrogen was lost during the few seconds 
required t cool the spec en fron the charging temperature 
Therefore the olut t st the harging te perature could be ob 
tained fror easurements of the tota hydrogen content of the 
quenched samples. Such measurements were |! ide 2s a routine 
part f the « slutior rate measurements The solubilit values 
obtained nm thi wa represent » considerable extensior in the 
nee f temperatures over which previous studies have been con 
ducted. The present results tie in quite well with those ybtained 
b Sievert st from 600°C to 1100°¢ following relatior 
between solubility and temperature 

These results clear show that the solubility continues to in 
crease wit ncreasing temperature up to 1700°C’ and it therefore 
ippe « that the anomaly reported by Martin, wherein the solubility 
reached a x at was ar urtifact 

The present ‘ iit have ft wctica slue in commercial processing 
f ‘ bdenur nee they not only indicate the degree of hydrogen 
cont nation that wil ccur during sintering or annealing in hy 
drogen but also show that suitable heat t eatment can be devised 


Diffusion in a Ferromagnetic Alloy: James Stanley 
and C. A. Wert, University of Illinois 


Diffusion constants ir wn allov of Fe 18 pet V have beer 
determined over a wide temperature range by » combination of 
vd tive tracer und anelast methods The region of measure 
ment extended over a ensiderable region on both sides of the 
Curte temp ture In the paramagnetic region the diffusion co 
efficients of nd wnadiur x a function of temperature obey 

the relatior 
DiFe 
Be ~ the Curte temperature the anelastic data show that dif 
fu ' ict wer than these two expressions indicate it is 
t lete me be nd questior whict f the two 
ify ' eff ent changed the most Diffusior n the we 
lered fe et state it 100 times less thar would 
be expecte eithe f the equations. Part of this effect 
phe t ae act tion eners nd part change 
t ) The terpretat ‘ the effect is not traightforw i be 
© the the t sition energ. nd D jo not allow 
ate t s t be nade f the known prop 
ertic f the Part of the hange in D. may be due to a 
m tre dul beerved near the Curie temperature 
rT ‘ hw ipported in part t the Air Force Office of 


Self-Diffusion of Iron and Sulfur in Ferrous Sulfide 
2 H. Condit. University of California, and C. E 
Birchenall. University of Delaware 


Me ire ent f the self-diffusior w tron and sulfur in ferrous 
ulfide ‘ t re rey ted . functior temperature 
trie mposit nd crystallographic di 


350°-697°C the diffusior 


dD D | 1 ext 4 RT exy 19 20d) RT 
where d is the deficit wed in the formula, Fe Ss. D 
0.16 sa we nd D 0.27 sa ec the frequer factors 
‘ the directior und with the 

the } 5 t respective RT has its usua 
‘ é ed it nit fk pe to Below the 
temperature the diffusion coefficient appears to de 
ean t ‘ ‘ eficit as would be expected on the 
le ef te f ym sites 
Rate Thi the te e range be 700°C 
est t i agreement ‘ irements by Meussne 
her 95 the te jatior f iron in sulfur 
he 
1 se lf-diffus prir vacancy mechanism the 
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disorder. Details of the diffusion mechanism are discussed 
This investigation was carried out at Princeton University unde 
contract with the Air Force Office of Scientific Researc h, ARDC 


On the Internal Friction of Cold Worked and Quenched 
(Martensitic) Iron and Steel: I. Tamura, Osaka Uni- 
versity, and T. Mura and J. O. Brittain, Northwestern 
University 
The internal friction peaks which are observed at about 240°C 


for cold-worked iron and steel and about 260°C for steels in the 
martensitic condition are explained as due to growth and solutior 


of a carbide precipitate as a consequence of an oscillating disloca- 
tion. The activation energies associated with the peaks were about 
38 40,000 cal per mol espectively 


The theory for the peaks is based upon the addition of a tern 
to the free energy in order to account for the strain energy due 
to the interaction of the solute element and the line imperfections 


The linear standard solid was obtained from a model in which 
dislocations are vibrating with an atmosphere of carbide precipi 
tates The agreement between theory and observation seems 


reasonable 

This research was supported by the U. S. Air force through the 
Air Force Office of Scientific Research of the Alr Research and 
Development Command 


Diffusion in Liquid Amalgams: P. C Mangelsdorf, Jr., 

University of Chicago 

The diffusion coefficients of a number of dilute metallic solutes 
in liquid mercury at room temperature have been determined 
The results are compared with several current theories of diffusior 
in liquids 

This work was supported in part by the U. S Office of Nava 
Research 


Internal Friction in Liquid Metals: Gerald Abowitz, 
Cornell University, and R. B. Gordon, Yale Uni- 
versity 


In a liquid internal friction is expec ted to arise through shear 
viscosity and thermal conductivity The magnitude of these losses 
ean be calculated using equations due to Stokes and Kirchoff. Any 
excess damping over and above that due t causes has its 


ic or molecular processes occurring in the fluid 

The attenuation of sound in a series of liquid Hg-TI alloys has 
been measured by the ultrasonic pulse tec hnique 
temperatures and frequencies. In pure mercur) the 


n@ is very nearly the same 4s that calculated 
the shear viscosity and the thermal conductivity 
und observed temperature coefficients of the damping 
welj. With nereasing thallium content there is an increasing ¢* 
cess attenuation. Also, as more thallium is added the temper ture 
coefficient of the sttenuation decreases, passes through zero and 
then becomes negative Since the shear components of stress ir 
ultrasonic wave sure fully relaxed the excess 
sttributed to a volume viscosity ass ciated wit! 
cor nent of the longitudinal wave Interpreted 
relaxational process values sre obtained for +r 
tivation ener suggest of a process in‘ lving 


wmic movements as responsible for the volume v! 
cosity It is suggested that the process may be similar t that 
of the Zener relaxation in solid solutions 


Self Diffusion of Germanium in Pure and Doped 
Crystals: H. Widmer, G. R Gunther-Mohr, and A. S 
Nowick. International Business Machines Corp 


Self diffusion of Ge isotope was studied using two techniques 
residual activity technique and a surface activity ethod. The 
former technique which « based on the measurement of the 
residual activity after removal of thin sections, is < pable of 
measuring 1iffusior coefficients dowr to 10°" sq cn per sec 
penetrati depth ~ 1 ua to a precision of better thar 10 pet 
The results obtained for the self diffusion of Ge in pure crystals 
give n activation energy Q 69.4 + 04 keal per mole and 
D 10.8 sq cm per sec, in reasor able agreement with earlier 


measurements 

The diffusion « Micient of Ge is drastically affected by the 
presence of small amounts of electrically active impurities. Thus 
for example, the presence of 0.2 mole pct of gallium in germaniur 
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depresses the self diffusion coefficient to 04 of its value in the 
pure crystal. These interpretable in terms of the 
effect of shifts in the Fermi level in producing changes in the 
concentration of vacancies 


results are 


Thermal Diffusion in Non-stoichiometric Zirconium 
Dihydride: A. W. Sommer and W. F. Dennison, 
Atomics International 


Measurements on the magnitude and direction of the Ludwig 
Soret effect in A phase ZrH, in the temperature range 1000°-1300°F 
have been made. The heat of transport, Q*, of hydrogen in ZrH, 
was determined to be 13 + 04 kcal per mole. A mathematical 
ynalvsis of the kinetics of hydrogen redistribution is presented 
and shown to compare favorably with experimentally observed 
results. A similarity in the magnitude of Q* and H, enthalpy of 
solution, was noted. Instances of this similarity, as found in other 
works, are reported. A rationalization is presented to account for 
the similarity between Q* and H 

This work was sponsored by the Aircraft Reactors Branch, Divi 
sion of Reactor Development, AEC 


Thermodynamics of Diffusion at High Pressures: R. W 


Keyes, International Business Machines Corp 


The way in which the strain energy model of an atomic defect 
can be used to predict the effect of pressure on diffusion rates 
will be explained in this paper. The rate of a diffusive process 
in a solid is controlled by the isobaric isothermal work which 
must be performed to create the atomic defect necessary for the 
diffusive process. This work is the Gibbs free energy of activation 
\G*. The pressure derivative of AG* is the volume of activation 
\V*. A measurement of the pressure dependence of a rate of dif- 
fusion determines the parameter AV* 

On the strain energy model AG*, the work which is performed 
in creating an atomic defect, is regarded as ordinary elastic work 
and can be discussed with the aid of the usual thermodynamic the 
wy of elasticity. The thermodynamic theory shows that the dilation 
associated with elastic energy is determined by the pressure de 
rivative of the elastic constants. When the dilation is identified 
with AV* the result is 


where a« is an elastic modulus and , is the compressibility. Intro 
duction of the Griineisen model to describe the pressure variation 
of the elastic modulus reduces Eq 1) to 
1/3) 

A comparison of Eq. (2) with available experimental data shows 
that the predicted proportionality is actually present. However, the 
observed AV* are generally about 40 pct larger than the cal 
culated values. If this extra factor of 1.4 is introduced into Eq. (2 
s quite accurate relationship for the prediction of activation vol 


umes results 


Effect of Hydrostatic Pressure on Self-diffusion in 
Lead: J. B. Hudson and R. E. Hoffman, General 
Electric Co 


The self-diffusion coefficient of pure lead has been measured at 
five pressures between atmospheric and 40 kb. over a tempera 
ture range of about 150°C near the melting point at each pressure 
Measurements were made using a radioactive tracer technique 
Samples were sectioned electrochemically after the diffusion an 
nal to determine the diffusion penetration curve. The pressure was 
spplied in a belt type pressure device similar to that used by Hall 

in the diamond synthesis 
sectioning technique developed was capable of removing 
sections less than 1 u« in thickness, and thus permits measurement 
of diffusion coefficients as low as 3 x 10“ sq cm per sec. Compar 
ison of results obtained using this technique at atmospheric pressure 
with previous studies using conventional sectioning tet hniques 
shows excellent agreement 

The self-diffusion coefficient, D, can be represented by an equa 

tion of the form 


D 
st any pressure, where AH*, the activation energy is constant with 
temperature. At constant temperature D is given by an equation 
of the form 


. 
rev 


D D.’e 

where AV*. the activation volume, appears to be constant with pres 
sure at least up to 20 kb. Above this pressure AV* appears to de 
crease with increasing pressure An apparent correlation between 
the effects of pressure on self-diffusion and on the melting point of 
the material observed by Nachtrieb and co-workers at pressures 
below 10kb was found to be only approximate as measurements are 
carried to higher pressures 


Tuesday, 


Titanium 
9:00 am to 10:30 am, West Ballroom 
(Based on Submission of Research Abstracts) 


Chairmen: D. J. McPherson, Armour Research Founda- 
tion, and G. E. Spangler, Franklin Institute Labora- 
tories 


Phase Transformations During the Heat Treatment of 
the Alloy Ti-6A1-4V: P. J. Fopiano, Manufacturing 
Laboratories, Inc.. and M. B. Bever and B. L 
Averbach, Massachusetts Institute of Technology 


The effects of solutior and aging treatments on the 
Ti-6AI1-4V were investigated by hardness measurements, light 
electron nm copy. resistance measurements at the aging tems 

For one selected stio 
estigated by neasurements 
the expansion coefficient, the 


ture ind diffractior nm treatn 

the effect 

the resistance 

precision length and the specifi rr 
The property changes resulting from the solutior and aging 

treatments are related to the equilibrium alloy content of the 


October 18 


phases present after the solution treatment. The vanadium content 
fA phase and the aluminum content of the » phase are 
important. The equilibriun inadium content of the 
the published phase diagram was con 
reatment temperatures and extrapolated 
temperatures for the alloy Ti-Al-4V 
ixima as a function of aging time 
8 region. The first maximum is 
decomposition of irtensitic and has similar 
atures as the decompositior f urtensite in the Ti-V 
The second maximum is attributed to the precipitation 
in ordered phase, which is shown to be diffusion controlled 
Support of this research by the Office of Naval Research under 
Contract Nonr-1841 (02) is acknowledged 


Grain Boundary Segregation of Carbon, Nitrogen, 
Oxygen in Titanium: Joseph Winter, Olin Mathieson 
Chemical Corp., and Irving Cadoff, New York Uni- 
versity 

partitioning or segregation of excess interstitial solutes at 
rair boundaries mn @ phase and phase titaniurr alloys 


vestigated. Internal friction spectra of dilute alloys of tita 
with oxygen, nitrogen and carbon were obtained. From these 


SEPTEMBER 1960, JOURNAL OF METALS—727 


rig: 
Px 
1, 
ied 
\G* p /, 
4 
as 
“yaa 
“ 
niur 
13 


FALL MEETING PROGRAM 


Tuesday, October 18 


spectra the activation energy for grain boundary stress relaxation Phase Transformations 
the net interaction energy of a solute atom with a grain boundary 

and the excess solute concentration rT alculated ‘ > 

9:00 to 10:30 am, East Ballroom 


As in previous investigations of this type the partitioning of ex- 
cess solute was found to obey a relation of the form 
er Cy. exp Va/kT 


(Based on Submission of Research Abstracts) 


The interaction energies were found to lie in the range 0.15 to . - . 
be 0.40 ev for binary interstitial alloys. The expected behavior of Chairmen H M Citte RIAS. and W Liebmann, Radio 
increase in activation energy, decrease in peak height and decrease 
ead, in peak temperature with increasng solute concentration was ob orporation of America ‘A 
served. In the case of carbon and nitrogen alloys the activation eal - 7 ‘ 
a energy increase exhibited a saturation effect. While this was not The (225) Martensite Transformation in Iron Alloys 
observed in oxygen alloys, the nature of the curve indicated an T , ¢ 
“pproach to saturation. In the range of saturation, the carbon al- M Wayman and T A Re ad, University of Mh 
> loys developed a second peak, the composition at which the nois, and J. E. Hanafee, International Nickel Co 
peak was fully evident being close to the solubility limit of 
. carbon in a@ titaniun From the nature of the curves obtained it Phenomenological theories on the formation of martensite have 
D may be inferred that the double peak may be associated with the been developed. But in the case of alloys of iron where plate 
‘ . formation of the A phase, which causes local depletion of the like martensite is formed, owing to the difficulties in obtaining 
, carbon atoms segregated at the grain boundary experimental crystallographic information, there is insufficient 
Tensile measurements indicated that the increase of excess solute data to test the theories 
. it grain boundaries and dislocations brought about by either in For an accurate study of the transformation it is necessary that 
creasing the bulk concentration or decreasing the equilibrium ar the martensite habit plane and orientation relationship for a single 
Z nealing temperature resulted in an increase in yield strength. The plate be determined. These observations are especially needed for 
effect of excess solute on yield stress was found to be parallel to the {225}, transformation for which this determination had not 
x its effect on the internal friction spectra previously been made. Such an analysis is reported here for an 
This research was supported by the United States Air Force under alloy of Fe-7.90 wt pct Cr-1.11 wt pet C for which a habit plane 
Contract No AF33 (616) -5506 monitored by the Materials Re near (449), was determined. The theories of Wechsler, Lieberman 
search Laboratory, Wright Air Development Center und Read (WLR) and Bowles and Mackenzie (BM) were examined 
in the light of the experimental results of this investigation These 
theories although equivalent differ in the interpretation of the (225), 
Properties of Zone Refined Titanium: G. E. Spangler metormation n e habit plane 
and Marvin Herman, Franklin Institute Laboratories mental measurements. With each theory, the predicted habit plane : 
normal came within 3 degrees of the experimental one. By work- 
The recrystallization characteristics and grain growth kinetics of ing the theories in reverse, the inhomogeneous shear of the —* 
zone refined titanium have been determined. Both the recrystal- formation was determ ined The experimental results agree wit 
lized grain size and the rate of grain growth are strongly impurity the predictions of the WLR theory provided that the inhomo- 
dependent ss evidenced by » 10-fold decrease in recrystallized geneous or lattice invariant shear is assumed on the (011 plane 
mean grain diameter and a progressive increase in activation energy of the martensite. The BM theory is equally good for a marten- 
; for grain growth from the pure to impure end of a zone refined site romogeneity or 112) assuming that the total distortion in- 
] 7 bar. The activation energ for grain growth was found to be cludes on isotropic dilation. In each case the shear direction is the 
, 38,000 cal per g-atom for the purest portion of the zone refined close-packed « 111>m direction. Some microscopic observations on 
material. The grain growth kinetics for all portions of the zone the subject alloy indicated that the interface plane may not be 
efined b obeved a D D Kte-@®T relation one of zer iverage distortior by and a 
dilatio in nterfac ap rs reasonable n the wor de 
The tensile properties of the refined titanium have been — side plates 4 
to The nature of these plates is uncertain at present. From this in 
x « o iis ma il a ‘ mmm grain i s si at roo 4 vestigatior the findings nt to the need for a microscopic ex 
perature with about 60 pct elongation While the maximum rate »mination of the austenite-martensite interface. Also, further study 
of grat s wth was ‘ near the starting end of the zone should be made of the interface dilation parameter, possibly in x 
te ew: me | Th um tensin es were observed neat terms of an array of transformation dislocations which generate My 
finishing end. This apparent difference in response to impurity the new latti from the old * 
oncentration can be qualitative explained on the basis of the 
difference in redistribution characteristics of the interstitial im 
ties nd eta uriti in titaniun Observations are alsc _ 
presented and discussed on the effect of purity and grain cise on Study of the Martensitic Transformation in Iron-base 
the tendency for discontinuous plastic flow at 4.2°K Alloy Single Crystals: J. F. Breedis and W. D 
This work has been sponsored by the OSR of the United States Robertson. Yale University 
E The influence of applied stress and temperature on the trans- 
> formation has been studied in single crystals of iron—16 pct Cr 
De formation Texture of Titanium Alloys I A 13 pet Mi adn fron—30 pct Ni alleys. As found previcusty, a hep 
Albert, Westinghouse Electric Co., Y. C. Liu, Ford ‘e) phase formed together with the bec martensite on cooling the 
Moto . an ‘ado Ne fork U om , A two surface analysis revealed the apparent habit 
| ‘ Motor Co and I. Cadoff, New York Unive rsity 16Cr-12Ni to be {111}; the orientation relationship de- 
ay be ~scribed as 
Wire and rolling textures in beta titanium alloys of stable 4. a y be Gescribed & 
plus stable 8, metastable 8, plus metastable and a plus a 4 11 11 (101) 
structures were investigated 110), 11 (12.0)e¢ 11 
Drawn wires of stable beta alloys were found to have the <100 : 
directior parallel to the fiber xis mwnd the rolling texture ob- The relationship between the fee and bee phases is approximately 
2 served for the stable @ was a bination of (100) <100> and that of Kurdjumov and Sachs 
r. 112 100> components of approximately equal intensity The critical resolved shear stress of the iron—30 pct Ni alloy 
habit ~ ‘3, 10, 15)}4) tnereased steeply from 10.3 kg per sq mm 
har at 325° to 73.3 kg per sq mm at 12°C as the m,. temperature S 
21°C) was approached. At 12°C, only four to five of the - 
; possible martensite habits were produced. In the Cr-Ni alloy, in 
} Institute of Metals Lecture which habit is also the octahedral slip plane, a significant in- 
crease i the shear stress occurs between 200°C and 100°C (as 
11:00 am, West Ballroom compared with a more stable Fe-16Cr-35Ni_ alloy (ms 
J which showed the usual variation of CRSS with temperature) 
C. C. Long and J. H. Jackson, Presiding Below 100°C, the apparent CRSS, calculated by assuming a reso- 
ution of shear stress on the most favorabiy oriented plane and in 
The Work Hardening of Metal Cry stals to be the favorable shear direction, decreased rapidly to zero at the m, 
> temperature 32°C Further, decreasing the temperature while 
presented by Professor N. F. Mott, F.R.S., Uni- maintaining a constant elastic stress ‘based upon the tempera- 
i versity of Cambridge, England ture dependence of the Fe-16Cr-25Ni alloy) completely restricted 
8] the transformation to that plane having the highest shear stress 
The effects of prior deformation upon subsequent transformation 
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and vice versa, and the effectiveness of grain and twin boundaries Transformation Studies of Gray -Tin Single Crystals 
sarriers to marte » formation ‘re also — — 
_ a, ae Ve R. G. Wolfson, M. E. Fine, and A, W. Ewald, North- 


ind slip bands as 
studied 
Examination of the reversion of the transformation showed that western t niversity 


bee phase mostly 
’ was studied in thin wafers 


the hep phase disappeared below 400°C, and the 
° to-white tin transformation 


between 500°C and 600°( After reversion to austenite, martensite The gray 
at the same sites that had transformed single-crystal gray tin about 0.015-in. thick and Y% in. across 
crystallographik reversibility An ition of the transformation interface was recorded by mo 
photomicrogr the temperature range to 465°C 
The inear ere ot a single-valued function of the 
phase, its relation to the observed nperature. Imposed upon the strong temperature dependence of 
discussed with re sverage rate is a variation which is well defined at a given 
spread in the observed values decreases sharply 
nereasing temperature. Near room temperature, the average 
s of the order of 0.1 micron per sec, and the variation cor 
. + responds to a factor of about 50; at 46.5°C, the average 
Study of Isothermal Transformations of Austenite by Ht " rs microns per sec, and the variation is only a fostes 
Thermionic Emission Electron Microscopy: S. R The variation is attributed to two observed stress relaxation 
, . . . ocesses: cleavage in the ray tin and plastic deformation ac 
Rouze and W. L. Grube, General Motors Corp bw im the tin, 
that the gray-to-white tin transformation proceeds by a coordinated 
ent of the atoms ecross the interface, and that the maximun 


r rate is limited by the release of stored energy through the 


was observed t ef 
initially thus demonstrating 
nealing at 1200°C resulted in recrystallizatior 

The significance of the hep 
lilj,s habit, and the effect of stress will be 
spect to the mechanism of the transformation nperature the 


mover 


The isothermal transformation of austenite to pearlite and : 
bainite has beer investigated utilizing thermionic emission elec ystallization of the white tin 
tron microscopy. The growth habits and morphology of the prod » research was supported by the Air Force Office of Scientific 
acts ind the rates of transforma plain « Contract No. AF49 (638) -524 

ltaneous 


alloys l lave been compared by 


ind the transforn as it pro 


Observations of the Physical Damage Resulting From 
Thermal Cycling Plutonium Through Its Low Tem- 
perature Phase Transformations: R. D. Nelson, Gen- 


bainite transformation has been observed and recorded 


at temperatures as low as 450°C 


The rate of advance of the transformation fronts depends, 
expected, upon the degree of undercooling below the critical tem ‘i _~— co 
perature and the alloy content. In plain carbon steels the eral Electric Co 
transformation fronts proceed at rates in the neighborhood 
per sec. For the bainite reaction, it is observed that bainite le Thermal « 
broaden by the successive addition of needles. It 

needle completes its growth before the next one 


through its allotropic transformations 
| damage. This was shown primarily 
lensits jecrease a » function of the number of cycles 
carbon steels both the growth rate of the primary specimens contained voids and macrovoids which 
rate of broadening of the colony is markedly faster than v ybserved metallographicall The voids initially appeared as 
corresponding growths in alloy steels, but the ratio of the microcracks and spon repeated thermal cycling became 
tes appears to be independent of alloy content ‘ \ netrical. After repeated cycling the distribution of 
, i uniform except at the specimen ends 
bands and grain boundaries have little effect upor . sm those in the interior. Also. the 
front bainite front om} throughout the samples. The experi 
the : stall ' ‘ . evel damage in plutonium were: (1) The 
ition me mal plut n o 
When a bainite needle, in the course of growth, bridges a ropic transform my 
grain boundary or intercepts a coherent twin boundary irked 2 The extent f ] considerably depending 
sracteristics of the metal 


yeling plutonium 


appear 5 resulted in extensive physica 


illy-evcled 


twin 
advance of a pearlite transformation 


ite grair boundaries due te 


crosses suster 


orientation dependence of the bainite transforn 


efraction occurs 
A motion picture film showing the austenite pearlite and the particularly i slo ’ ssting imperfections. Specimens con 
transformations as they occur in the thermionk ’ . nclusions and casting imperfections 
wed more extensive void formatior (3) The extent of physical 
denstiy measurements, wae directly pro 
onal to the volume change associated with the allotropic trans 
tions 4 The presence of voids caused a decrease in me 
properties. The tensile strength of specimens containing 5 
On the Reduction in Tensile Strength and the Stress- o 7 pet voids decreased from 62,800 to 30,000 psi and the yield 
induced Martensitic Transformation of Some Aus- from 39,300 to 26,400 psi. (5) Increasing the specimen size 
ts ‘ in a density as a function of the num 
tenitic Stainless Steels at Very Low Temperatures ' y }) Cyclin ite may have affected the extent of 
R. P. Reed. C. J. Guntner. and R L. Greeson. Na- vot o1 ) ro aby it to the degree that specimen size 
mpuriti 7 j the length-to-diameter ratio of 
tional Bureau of Standards ods having a constant d had little or no effect on the ex 
y j ie # Bending of rode always occurred in 
Radia nd longitudinal growth occurred 
synomalous decrease in the tensile and notch tensile strength i 4 ndric me mer that were thermally cycled. A 
type 304/18 Cr-8@ N type 202 17 ‘ alec the ends of each rod 10 Fracture 
350 (16 Cr. 4.55 Ni. 3 Mo) has er ; pecimens were cycled 11) Voids col 
allovse the dex ise was cycled specimens were subsequently allowed 


‘ 
from 333 ksi at 76°K to 210 k : to transform under 5000 psi 


decreased considerably 


brittlement 
Process Simulation 


nartensitic transfor 


ustenite » bainite 
emission microscope will be presented 
ae determined by 


also 


9:00 am to 12:00 m, Pennsylvania Room-East 


(Joint Session Sponsored by Iron and Steel Division 
X-ra aly and Extractive Metallurgy Division) 
plotted versus i 
; Chairmen: H. W. Meyer, Jones & Laughlin Steel Corp 


gi as the temper 
hes a limit and J. R. Dietz, National Steel Corp 


esu nterpretation is made pertaining to Predicting Effects of Oxygen, Moisture, and Fue! 
tenst rength ane “long: on austenitic steels 
——e mé elongation of sustentt eel Additions on Blast Furnace Operations With a Com- 
ute / od ge inde Ce 
This work was sponsored by the Advanced Research Projects AI Ho B I 
Agency of the Department of Defense Use of Regression Analysis as Applied to Simultaneous 
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pear 
20°K. In all cases the ductility an 

: In an attempt to determine the nature f the Ai a 
study has been made of the stress-induced r ‘a | 

mation in these alloys. X-ray ind metallographic «¢ a = 

structure and a banded hep structure. Phot 

were taken after deforming at low tempe« 

illustrate the deformation characteristics 

two martensitic products, as determined 
etching und magnet measure t 

as alloys type 202 and 304. At 
creases, the percentage of tl 
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(Sponsored by IMD Chemistry and Physics of 


Equation Models: D. C. McCune, Jones & Laughlin 
Metals Committee) 


Steel Corp 


Simul of Melt Oper ations Sing Chairman: S. S. Brenner, General Electric Co., and 
= t. Neate and J. Dacey, Steel Co. of Wales, L. Kaufman, Manufacturing Laboratories, Inc 
Application of Small Electronic Computers to Pyro- Static Pressure Research in Metallurgy: J. E. Hilliard, 
metallurgical Research: R. J. Leary, U.S. Bureau of General Electric Co 
Mines Phase Transitions and Melting Temperatures of Pure 
Metals at High Pressures: G. C. Kennedy, University 
of California 
‘ffects of Extreme i ssures : 
Effects of Extremely High Pressur Use of Shock Waves to Study High Pressure Effects 
; 9:00 am to 12:00 m, Hall of Flags G. R. Cowan, E. I. duPont de Nemours and Co 
T 
Titanium Versus Steel and Aluminum in Pressure sre listed as UTS 185,000 to 195,000 psi, YS 175,000 to 185,000 psi, 
. : snd elongations of 4-8 pct. Ge fracture toughness values were ob 
MY Vessels for Hydrospace, Aerospace, and Space tained as high as 900. This alloy is noted to have low ductility in 
i 2 . the subzero ranges, and therefore not considered suitable for cry 
4 2:00 to 5:00 pm, West Ballroom ogenic service. but it could be ideal for ambient temperature 
. storage of solid or liquid fuels where external corrosion m ight be 
(Sponsored by IMD Titanium Committee) 1 problem, i.e., marine atmospheres. A strong point in favor of 
$-120VCA is that it has been produced and fabricated by existing 
| Chairman: R. I. Jaffee. Battelle Memorial Institute production facilities, and therefore its possible use in the immediate 
‘ future is quite realist contrasted with austforming of steels 
Film: “The March of Titanium,” produced by Titanium Considerable hope is given that this alloy can be pushed to a 
my usable yield strength of 210,000 psi, based on data obtained from 
| Metals Corp. of America subscale pressure t 
| It d that t ium alloys have not been brought into use 
ir e structures of wire or ribbon-wrapped designs, how 
ever ould becorn ust as feasible use of fiber glass or 
Procedures for the Evaluation of Fracture Toughness steel plano it is oom uded that is 
of Pressure Vessel Materials: W. S. Pellini and J. E to the designer's request for an ideal pressure vessel material 
but that several of the titanium alloys are strong possibilities 
Srawley, U.S. Naval Research Laboratory considering their early stage of development 
Normal lesigr procedures for internally and externally pres 
/ srized pressure vessels are based on criteria of failure by gen Structural Significance of Ductility in Aerospace Pres- 
} ‘ elding instability. Such procedures are valid if the frac sure Vessels: George Gerard, New York University 
| ture toughme the ater fabricated, is sufficient to prevent 
ire ture Mie. The rf we 4 that The relatively great proportion of aerospace frames the 
teractions of ese actor he specif fracture ughness require- strenatt terials. The successful use of such materials in tension 
fetermined b testing of models and f full hich bi tain str ncentrati 
lahoratary fracture tests The u ires whik invariaDdliy contalr stress concentrations requires 
a r wpreciation of how ductility acts to reduce such stress con 
eq ‘ ‘ at irine hu structures have been determined canteatios 
xT rf we ent ina ire lefined extre nely pews 
- The results reported in this paper include an exploratory ex 
tous with the es cted Pp perimenta study of smal length fracture strains at stress 
es. ided effec oncentrations and an an of the weakening and strengthening 
effects of stress concentrations in terms of a ductility ratio. The 
t tural ance of tests used to evaluate ductilits im the 
pre nee ss concentrations are discussed and a procedure 
to evaluate the ductility ratio as basic material property is sug 
5 gested Finally the structural strength weight characteristics of 
various high strength sheet materials are evaluated in terms of 
the structural design problem associated with aerospace pressure 
+ Pressure Vessels for Hydrospace: George Sorkin, De- 
partment of the Navy 
i flaw ive be guaranteed t is possible to 
- terial of very high vield strength below its full shear its alloys have been evaluated 3 
Pre = Ve els for Space \ W ye ke and R. ¢ tural materials. Other parameters such as fabricability, weldability 
Powell, Pratt and Whitney Aircraft Company notch toughness, transition temperature, resistance to explosior 
{ wading and creep are discussed 
Desiar equirements are stated, with yield strength-density ratios 
wmsiderably exceeding 1,000,000 as an immediate goal. Properties 
f teria ich w all und stainless steels, alt Panel Discussion on Mechanical and Metallurgical 
nd if i types. I steels ar scribe 8 . 
ende streng weigh stios he future 
but t phasized that suc? evels will require processing 
Committee ) 
Introduction: Paul Loewenstein and Arthur Geary 
Nuclear Metals, Inc 
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Brief presentations on hot extrusion of 
Lead: F. A. C. Shaw, American Smelting and Refin- 
ing Company 
Aluminum: M. E. Molitor, Kaiser Aluminum & 
Chemical Corporation 
Magnesium: (Speaker to be announced.) 
Copper: T. S. Howald, Chase Brass & Copper Com- 
pany 
Nuclear Materials: A. White, Nuclear Metals, Inc 
Summary: Paul Lowenstein, Nuclear Metals, Inc 


Discussion Period 


Theory and Application of Physical Chemistry 
(Sponsored by the Iron and Steel Division) 
2:00 to 5:00 pm, Pennsylvania Room-West 


Chairmen: C. W. McCoy, Crucible Steel Corp. of 
America, and F. D. Delve, Jones & Laughlin Steel 
Corp 

Technology of Dwight-Lloyd McWane Process for 
Making Iron: T. E. Ban, McDowell Co., Inc., and B 
W. Worthington, McWane Cast Iron Pipe Co 

Kinetics of the Iron Oxide Reduction Steps: A 
Wilhelem, and G. St. Pierre, Ohio State University 

Sulfide Inclusions in Steel: Lawrence Van Vlack, D. K 
Riegger, R. J. Warrick, and J. M. Dahl, University 
of Michigan 

Phase Equilibrium Studies of Synthetic Nonmetallic 
Inclusions in the FeO-MnO-MnS-SiO, System: E. H 
Silverman, U. S. Steel Corp 

Effect of Chromium on the Activity of Sulfur in 
Liquid Iron: N. R. Griffing, Linde Co., and G. W 
Healy, Union Carbide Metals Co 


Effects of Extremely High Pressures 
2:00 to 5:00 pm, Hall of Flags 


(Based on Submission of Research Abstracts) 


Chairmen: S. S. Brenner, General Electric Co., and 
L. Kaufman, Manufacturing Laboratories, Inc 


Effects of High Pressure on Phase Transformations in 
the Iron-Carbon System: S. V. Radcliffe, M. Schatz, 
and S. A. Kulin, Manufacturing Laboratories, Inc 


The effects of a hydrostatic pressure of 50,000 atm on phase equi 
ibria, the isothermal decomposition of austenite, and the tem- 
pering of martensite have been studied for a number of com- 
n-carbon steels 0.38-1.1 wt pet C and high-purity 
0.08-1.23 wt pct ¢ At this high pressure, the eutectoid 
temperature is lowered approximately 60°C below that at 1 atm 


pressure mn fair agreement with the depression computed from 
the Clausius-Clapeyron relationship. In addition, the austenite 
cementite and austenite-ferrite boundaries are displaced towards 
ywer carbon contents and the eutectoid composition is reduced to 
ipproximately 0.25 wt. pct C 

The sothermal transformation of austenite to ferrite-carbide 
wgregates is retarded by pressure st all temperatures in the 


range betweer eutectoid temperature and m Th retardation ix 
; ys than for plain-carbon steels, in which 
onal elements as well as carbon is in 

\ ation. The morphology of the products of 
transformation under high pressure differs considerably from that 


ess 


the 
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at atmospheric pressure. For the pure Fe-C alloys, the greatest 
effect on kinetics and morphology is observed for the lower carbon 
alloys, which do not contain excess cementite as the result of the 
displacement of phase equilibria during austenitizing under pres 
sure. The presence of such cementite appears to facilitate the sub 
sequent isothermal transformation of the austenite 


The tempering of martensite over a wide range of tempering 
temperatures is also retarded under high pressure. In plain carbon 
steels, the rates of both the first and the third stages of tempering 
are reduced, whereas for pure Fe-C alloys the principal effect of 
pressure is on the third stage of tempering ie. the solution of « 
carbide and the formation of cementite 


On the Pressure Induced Phase Transition Associated 
With Intense Shock in Iron: P. C. Johnson, B. A. 
Stein, and R. S. Davis, Arthur D. Little, Inc 


The two-wave structure that is observed in tron subjected to 
shock pressures greater than 130 kbars at ambient temperatures has 
been rationalized in terms of a pressure induced - transformation 
The influence of temperature on the pressure for the transformation 
has been studied at 80°K to 700°K with a relatively simple tech 
nique that depends on the micro-structural change in the steel 
associated with the transformation and the multiple-pellet technique 
for measuring shock pressures 

The details of the technique and the observation will be dis 
cussed 


Detection of Phase Changes in Iron by Differential 
Thermal Conductivity Analysis: W. F. Claussen, 
General Electric Co 


The detection of the a to 4 phase changes in iron have been in 
vestigated up to 75,000 atm, by means of a new technique termed 
differential thermal conductivity analysis ‘(DTCA This method in 
volves the property of thermal conductivity, while the more familiar 
differential thermal analysis DTA involves latent heat changes 
A piece of tron and a piece of reference material (nickel) are placed 
in identical temperature gradients. With a thermocouple at the 
midpoint of each piece, the difference temperature (AT) between 
the two pieces is recorded by bucking one thermocouple against 
the other \1T is zero if each piece is homogeneous. However, with 


slowly rising temperature when one piece iron) becomes inhomo 
geneous with respect to thermal conductivity in going from the a 
to the phase \T departs from zero. Upon completion of the 
phase change with rising temperature T again returns to zero 


The temperature for the a-y tron phase transformation was 
found to drop continuously when the pressure is increased, the 
value at 75.000 atm being 605°C 

The reverse transformation +» ~— a was found to be the 10°-40° 
lower than the forward one. At this time it is uncertain whether 
this hysteresis is due to poor pressure equalization within the cell 
or due to a sluggishness in the transformation 

The DTCA method is especially adaptable for ceramic or cer 
tain metallic transformations where electrical conductivity cannot 
easily be used to follow the phase changes 


Compressibilities and Phase Transitions in Solidified 
Gases at Low Temperatures: J. W. Stewart, Uni- 
versity of Virginia 


We have determined PV relations and phase transitions for a 
number of solidified gases at pressures up to 20.000 atm between 
4° and 200°K. Pressure is applied at low temperature by the di 
rect piston displacement method. The solidified gas samples used 
are believed to be sufficiently plastic so that approximately hydro 
static pressure is transmitted. Volume changes and discontinuities 
are observed through motion of the pistor The values of con 
pressibility are obtained by the method developed by Bridgman for 
solid substances. The low temperature high pressure apparatus and 
results for solid HS, SiF,, SiH NCI, and other substances will be 
discussed. Transition pressures for phase transformations are deter 
mined as a function of pressure. Friction in the high pressure cylin 
ders prevents accurate determination of the volume discontinuity 
at transitions 


Recrystallization Under High Pressure: L. E. Tanner 
and S. A. Kulin, Manufacturing Laboratories Inc 


The effects of a hydrostatic pressure of 50,000 atm on annealing 
behavior have been studied for a cold-worked copper—30 pct Zn 
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alle f con ercial purit and high-purit copper using metallo have been obtained. The patterr sre complex, however and a 
graphic nicrohardness and X-ray diffraction techniques olutio f structure has not been made at the time of writing It 
At this high pressure, the recryst zation process in both ma , been established also that an intermetallic compound BiSn is 
etarded. resulting n highe ect ‘ zat n temperatures ! ed f the mr cible elements bv pressures mn excess of 

- 0 at This pattern too is complex und has not been success 
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imi rs Air Force Base, Ohio 


was projonged to give a grain size cc ~ tesidual Effects of Hydrostatic Pressure on X-ray 
Diffraction of Aluminum Single Crystals: R. E 


‘ter annealing at atmospheric pressure. For high-purity copper 
the shapes of the X-ray diffraction peaks attet rec stallization Zumwalt, L. P. Skolnick, and J. R. Ferron, Uni- 
ur hig? pre ire were gnificant more jiffuse thar those 4 . 


hydrostatic pressure 


srtomi« nobilit marked! decreased ind that possibly » re Single ct ta samples of aluminun were red so that the 
crystallized structure taining re imperfectior s developed 111 plan were exposed at the surface These samples were 
ywked in methanol at a hydrostatic pressure of 200,000 psi for a 
period of about a week 
Eff ct of I ressure on the Age-harde ning ( aracter- \ carefu X-ray diffraction study of these crystals was made 
istics of a Coppe r-Bervllium-Nickel Alloy 7. & hefore and after pressure treatment; this study involved the meas 
ir¢ ent ttice constant and integral ne breadth well as 
Phillips, General Electric Co Fourie me . of the line profiles. These studies disclosed a de . 
eased constant and an increased dislocation dently at the 
The effect of pressure during heat-treats ent on the optical micro irtace f the treated sampies ind n even further decreased 
structure and " dnes ‘ con P 41 copper—-2.1 pet Be ittice mistant and decreased dislocation density beneath the 
0.4 pet Ni he , heen studied. It was found that the app stior irface. Littl hange was noted in the lattice strains which were 
of 69 ft 75 kat pressure juring aging t 390°C decreased the leduced fro the Fourier analysis 
growth rate { the discontinuous precipitate nodul b factor The results ! e been exy ned by the ’ ment of a relatively 3 
of about 18 fre 1.4 t 0.08 pe mir M hardne test nd few lisloca ! t the surface of the crystal under the influence ; 
cated that the rate f gene pre tatior A etarded t fac of f « field due to the I jrostatic pressure snd the pile-up or 
t f about five without ich effect on the peak hardness Pro ecu slatior f une of these dislocations at the surface The re 
rred along lip bands wher ults f samples treated 7 days and a sampi« treated 1 day were 
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iit govern Dislocations in Lithium Fluoride, Aluminum, Copper, 
t after solution treat and Iron: J. E. Hilliard, J. M Lommel, J. B. Hudson, 


D. F. Stein and J. D. Livingston, General Electric 
Co 
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F wing the work of Zumwalt (M.Ch.E. Thesis, University of 
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t th Ber Barrett X-ray technique, and in the other 
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Pressures 
The high-pressure treatments produced no observable change ir 


X-rav Diffraction by Substances at High 


J.S. Kasper, General Electri Co the dislocation densitic f any of the f materials. More de- 
tailed obs« tior were f ble on the fluoride than on 
the the teria hex ane marec 
Vhere is an increasing need for structural information for sub erials becouse, the, specimens could be mods 
tance t his the ase f reversible between the cle ed face of the pressure-treated specimen 
phase nsformat Unfortunately, the usual high pressure ap that of the untreated specimen. It could thus be observed 
I t pre ‘ t g xX 1iffraction measurements \ ement of the dislocations had occurred during the pressure 
jing e have developed a technique, first employed by Law nne where ppreciable migration of dislocations took place 
r d A ers, utilizing nale crystal diamond cell as the F ¢ viven the same thermal treatment at atmospheric 
pre ive be pre ire We thu r ide that. for lithium fluoride at least, the 
f< f rhomt dode hedra pr tior f hydrostatic pressure decreased the mobility of dis 
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n displa ts, arra Deformation of Aluminum and Copper Single Crystal 
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listic Research Laboratories 
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T? feature pressure t the free surface: fracture modes as a function of 
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mental arrangement used permits the passage of a compressive wave 
through a solid specimen, with no tensile reflections from free 
surfaces. The specimens have then been analysed for a) change 
in dislocation density through etch pit techniques b nature of 
the strain markings produced, and « twinning 

The results of the experiments are reported, and a discussion is 
given concerning the metal reactions in view of current theories 
on the nature of the !arge compressive waves generated by ex 
plosive loading of metals 


Additional Data on the Shock-induced Transition in 
Iron-base Binary and Ternary Alloys of Chromium 
and/or Nickel: E. G. Zukas, F. S. Minshall, and C 
M. Fowler, Los Alamos Scientific Laboratory 


The discovery of a shock-induced transition in tron was re 
ported by Bancroft, Peterson, and Minshall in 1956. The meta! 
lographic effects of the transition on iron and iron alloys have 
been studied by numerous experimenters. Reports and bibliogra 
phies of recent work in that field were given at the conference 
on the Response of Metals to High Velocity Deformation held at 
Estes Park, Colorado. At that meeting C. M. Fowler reported on 
the Hugoniots of some binary and ternary alloys of Fe-Cr-Ni. The 
purpose of this paper is to present recent data on the surface 
generated when the pressure of the transition is plotted as a func- 
tion of the three constituents. Because this is a report of work in 
progress, features of the surface may become clearer as new ex- 
periments are made. However, at present, the surface is as fol 
lows: The transition pressure of a standard i-in. thick target 
plate of Armco iron is about 128 kbars. Along the zero per cent 
chromium line, as the content of nickel is increased. the pressure 
of the transition monotonically decreases, being about 102 kbars at 
21.5 pet Ni. Along the 0 pct Ni line, as the content of chromium is 
increased, the pressure of the transition remains essentially con 
stant until the chromium has reached 5 pct decreases to about 
126 kbars in the 7.5 pct to 11 pet Cr range, and finally rises steeply 


to 180 kbars at 21.5 pet Cr. Several transition pressure points 
have been obtained for mixed Fe-Cr-Ni alloys, and a rough idea 
of the surface will be presented. One interesting feature is that 
the pressure of the transition drops more rapidly when both 
chromium and nickel are added to the iron, dropping to about 
30 kbars for an alloy of 18 pet Cr, 8.3 pet Ni, and balance Fe 

This work was performed under the auspices of the U. 8S. Atomic 
Energy Commission 
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Diffusion Controlled Processes 
9:00 to 10:30 am, West Ballroom 


(Based on Submission of Research Abstracts) 


H. W. Paxton, Carnegie Institute of Tech- 
Rutherford, Franklin Institute 


Chairmen 
nology, and J. L 


Laboratories 


Technique for Observing Grain Boundary Migration in 
Lead: J. L. Walter, General Electric Co 


Studies of recrystallization and grain growth by methods that 
involve repeated heating and cooling may not give a true picture 
of rates of boundary migration and of interactions between grains 
The grains may become deformed as a result of rapid changes of 
temperature during heating and cooling 

A technique for the direct observation of grain boundary mi- 
gration in lead at constant temperature has been developed. Using 
this technique ne é measure rates of grain boundary migra- 
tion, observe the ‘ ation and disappearance of grain boundary 
grooves, the formatior growth twins, and the growth of new 
grains from newly deformed regions 

The lead used in this study contained less than about 6.01 pct 
impurities. Samples, cold rolled to about 0.030 in. thick, were 
mechanically polished with soft paper. After polishing, the sam- 
ples were placed in a sma glass dish containing a solution con- 
sisting of 80 pet acetic acid and 20 pct hydrogen peroxide. Once 
the oxidized surface ayers had been removed, it was possible to 

grain boundarie and to observe grain boundary migration 

means of an ordinary metallurgical mi- 

croscope > = tion acted as an annealing atmosphere and pro- 
tected the sample from further oxidation 

Rates of grain boundary migration as high as 0.02 m. per minute 


have been observed by heating the solution to a temperature of 
45°C 

Motion pictures have been made, showing the spasmodic nature 
of boundary migration and the growth of new grains from heavily 
deformed regions of the sample 


Grain Boundary Relaxation in an Aluminum-Alum- 
inum Oxide SAP-type Alloy: G. S. Ansell ard P. E. 
Arnold, Rensselaer Polytechnic Institute 


The grain boundary relaxation of an aluminum-aluminum oxide 
SAP-Type alloy in both the fine-grained as extruded and coarse- 
grained recrystallized conditions, was investigated by the use of 
internal friction measurements. A torsion pendulum apparatus with 
a vibration frequency range from 0.9 to 1.8 cycles per sec was used 
to measure internal friction in these materials over the temperature 
range from 70° to 650°F 

An internal friction peak was observed in testing the fine- 
grained alloy which was not observed for the coarse grained 
alloy. This peak associated with grain boundary relaxation, was 
measured at three different frequencies. The activation energy of 
grain boundary relaxation was determined from this data to be 12,- 
500 cal per mole. The activation energy received indicates that grain 
boundary relaxation in this aluminum-aluminum oxide SAP-Type 
alloys is quite different from grain boundary relaxation in single 
phase aluminum alloys. A dislocation model is proposed to ex- 
plain this behavior 

The sponsorship of this research by the National Aeronautics and 
Space Administration is gratefully acknowledged 


Anelastic Behavior of a Dilute Al-Mg Alloy: B. S. 


Berry, International Business Machines Corp. 


A torsion pendulum with a range of -190°C to 250°C has been 
built for a study of the internal friction behavior of quenched 
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iw ked lilute binar ’ particular mn the sub heat treatment ir » vacuum has been investigated by hot-stage 
‘ t " ‘ ge The mbiect A t detect te " scot ind elect n diffractior Surface graphite was observed 
) rr al below the sustenite solubility limit for 
raphitization was found to be 
400 ‘ t exhibited flat-topped x lepe lent the tallographi« orientatior of the inderiving 
75 5 ra st arfac yproximating (111) planes exhibited the most 
rface between 
‘ ; Influence of Diffusion of Interstitials on the Usefulness 
R { defect he ‘ f which the single magnesiur of Ceramic-Refractory Metal Composites at Elevated 
. example. Further test . Temperatures: M. L. Hill, John Hopkins University 
" te pe ture \ tructura sheet 1 terial consisting of alternate layers of a 
luctile retr tor metal ind » brittle ceramtk oxide or carbide 
Effect of “Active” Oxide Particle (NiO) Dispersion 
on the Oxidation of Copper: J. A. Sartell and C. H ted composite 
Li, Minneapo! Honeywell Regulator Co because of in ‘ 
subsequent 
! te but ‘ ittle t t he xidatior bitrar jefined of the 
ech le ot te Ni ate the nterstitials int metal a ele 
et f t) estigation be the Ni The ssefu composites having Tanta! ol 
tudied « The jatior ‘ fror 0.01 to 0.001 in. thick betweer avers of oxides or 
ed lispe ‘ Cu nd NiO owde estimated t be of the order 1 to 1000 sex at 2000 
nost ications 
Symposium on Metallic Moderators and 
9:00 am to 12:00 m, East Ballroom 
(Sponsored by IMD Nuclear Metallurgy Committee) 
Oxidation of Thin Metallic Films at Elevated Temper- Chairmen: D. E. Thomas, Westinghouse Electric Corp 
ature Electron Diffraction Studv: Goro Shimaoka and C. E. Lacy, General Electric Co 
National Research Institute for Metals (Japan) 
Fabrication and Evaluation of Zircaloy-2 and Zircaloy- 
‘ ‘ ‘ t | A le ed the ele tror 
Practios ty of structure changes of metal surfaces occurring 4 Tubing Used to Clad Uranium Dioxide and Alumi- 
phere af elevated temperatures num—Plutonium Fuel: R. C. Aungst, K. M. Haws 
and P. L. Farnsworth, General Electric Co 
» " d aon P bser hw Fuel elements f the Plutonium Recycle Test Reactor are clusters 
ethod tu f 19 uranium dioxide or aluminum-1,65 pct Pu alloy fuel rods 
Ir e of f heate the pressure of ~ 10-4 1 He of ‘ i in Zire 2 Zircaloy-4. High-quality cladding is required 
Fes) } ) eT ent at 25° t 750°C but the FeO t event exper n-reactor fuel element fa The quality 
2 ‘ t i t FeO t 400°¢ FeO. t posed FeO and ‘Zz 2 and Z ale 4 tubing has improved as test and ir 
xide were beerved at 550°¢ On the r kel ¢ s heated pectior techniques capable of detecting lefective tubes have 
0-4 H { } hex t ke existed wit? it bee leve ped An immersion ultrasonic test, capable of detecting 
‘ t ( but ke “ bee ed bove lef ts s st w as 0.002 in. on the inner tube surface, has beer 
nd letected t 600°C But for spe nens part ilar pressive Det s of this and other quality tests are 
ted He f NiO letected at 600°C On the ted Observations of the behavior of tubing during swaging 
; t j f heated ~ if Hey fa fine crvet at nd te that a s ill grain size is desirable if cracking is t be 
J Mechanical Behavior of Cold Worked Nuclear Grade 
: letected at 670°C. These observations are ‘ilable for the Zircaloy-2 Tubing: H. H. Klepfer and C. N. Spalaris 
f General Electric Co 
Mechanical behavior of nuclear 
Surface Graphitization of Iron-Carbon Allovs: G. R gr Zircaloy-2 tubing all materials 
Speich, U.S. Steel Corp ete 
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Development of Zircaloy-4: J. N. Chirigos, S. Kass, Control of Oxygen in Copper During Refining W. F 
W. W. Kirk, and G. J. Salvaggio, Westinghouse Harris and Joseph Easha, Jr., Westinghouse Electric 
Electric Corp Corp 


rrosion beha rh-temperature water and stean The presence of a defined quantit xygen in fire 
ind mechanic properties the irradiation behavior satiety epecificatios 
stior Zircalo are eviewed and these properties 
with those « Zircaloy-2. In general realoy-2 and 
very similar 1 behavior except that during hot 

Zircaloy-4 absorbs less hydrogen than does Zirca 


is necessat,r 
therefore that ar sccurate and rapid method 
of xveer be iwalilable for use during the 

ning oper 
r man) refining operations depended 
specimens poured at various 
of these sample was related 
} etal. Since the set is dependent 
Creep and Corrosion Behavior of Some High Strength ym many factors other ' gen content, this method, while 
y we ra n t condition of th copp does 
Zirconium Alloys: D. L. Douglass, General Electric yy 


Co 


effects of composition se morphology nd heat treat 
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r ve beer evaluated for three 
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or better thar 
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during pouring 
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allovs but could be heat-treated to high 


improvement in creep resistance distribution of oxygen it } ancl the ariations in oxygen 


content of the copper during poling and pouring 


Zirconium Alloys for Cladding High Temperature Fue! Effect of Hydrogen on the Mechanical Properties of 
Elements: R. K. Wagner, H. E. Kline, and D. I Molybdenum and Other Transition Metals: W. Lieb- 
Sinizer, Atomics International mann, Radio Corp. of America, and Alan Lawley 

' and Robert Maddin, University of Pennsylvania 
group of zirconium alloys which exhibit good elevated ten 
yroperties were prepared t standard melting and fabri High purity nO we been quenched in vacuur 
Alloy compositions investigated include zir und ir he atric r rom near the mel 
aluminun tin and molybdenum as well as equent . > N roperties on 
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raction energ betweer 
High Temperature Cladding Alloys: J. F. Collins and Ay A - 
J. A. McGurty, General Electric Co , or m, bi ' ves a more general 
r high temperature applications, fuel element cladding mate ra yvdrog ction changes from 
tals are required to protect the base metal structure and to con i i f to irge! 
tain the fue to minimize fission product release and fue right side « interactior 

c in chara t sm based 

Since the earls olybdenum clad fuel element concepts o t ory of britt 

ny metallic cladding , ns have been investigated. The de o r embrittler 
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ind the nore recent applications of new oxidation resistant Th diffusion ener ’ vydrog nolybdenum is found 
002 « Thi i nm goc greement with diffusr 


te 
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nechanica 
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making end closures ir 
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The Decomposition of Austenite by 
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of zires nium in copper . - Bi to be Compressibilities of Liquid Alloys: R. B. Gordon, Yale 
eutectic temperature o Lirconium - 
ypper to softening, having its greatest University, and Gerald Abowitz, Cornell University 
Zr. These alloys precipitation harden 
“ , ones working contributes more to un The compressibility of a fluid reflects its structure and the 
pitation hardening. The optimum properties strength of the bonding forces between its atoms or molecules 
annealing followed by cold working and The compressibilities of a number of metallic liquids have been 
determined from measurements of the velocity of sound in the 
ng 0.10-0.15 pet Zr have 60-70,000 psi tensile liquid and its known or measured density. In liquid alloys of Hg 
pet IACS electric conductivity at room temper Sn, Bi, Tl, In, Zn, and Cd, the addition of small amounts 
ne ng followed by _ cold working and metal causes a very rapid decre: in compressibility 
20-600°C cold worked and , in contrast with the Na-K and Pb systems where the 
better strength ductility and compressibility changes only gradually compositior These 
und aged Cu-0.4-0.7 pet Cr ame mercury alloys are known to display a decrease in electrical 
ty and to become more paramagnetic as the solute content 
increased. It is suggested that liquid mercury retains remnants 
io th ovalent t i network of the mercur crystal and that 
Electrical Conductivity of Non-stoichiometric a-Nb,O cual af duns 
E H Greener! D H Whitmore. and M E Fine, covalent bonding allowing the dilute amalgams to assume the 


Northwestern University structure of a typical metallic liquid 


The elec ductivity of x ~ monocrystalline and 
mnder a constant ambient oxygen Lattice Strains and ray Stress Measurement: M. J 


iture range 300° to 900°C, exhibits Donachie, Jr., General Dynamics Corp., and J. T 
dependence with an activation en- 


conductivity, ¢, of near-stoichio Norton, Massachusetts Institute of Technology 


1 NbO the ambient ovygen partial pressure 
the power i Const. Po,” **** The 


ynomalous behavior of polycrystalline metals after plastic 
heavily reduced specimens was formation in tension has, for 20 years, attracted the attention of 
range 600° to 77° For dilute \ gators interested in X-ray stress measurement. In view of 
erature dependence of the con ’ c radictory results reported in the literature the present 
f approximately 0.5 ev in investig indertaken to further explore the relationship 
ind 0.1 ev in the temperature of 1 ‘ ] ice strains produced by plastic extension to residual 
rgies decreased as the degree of ‘ I » to study this behavior it was first necessary to 
number of defects) increased. For on mechanical stress-lattice strain relationships tr 
obtained, the material behaved } sti } f applied stresses 
2024 aluminum sheet were extended uniaxially at 
the basis that reduced sti ] F und greater than the vield strength. Lattice 
semiconducting oxide . ‘ neasured at various angles in planes which were 
perpendicular to the specimen surface and parallel to the ngi 
und =trar erse surface directions. Two sets of lattice 
ace were studied wv each metal. Subsequent work was per 
at the « u evaluate the residual stress and to de 
wheret defect vels c pu , acan t iation of residual lattice strain with depth 
ither one wo trapped electrons " created and 
thermally excited from these *vels into the conduct 


elastic region studies indicated a linearity of 

squared of the angle, y it which the strair 

irity of applied stress vs. lattice strain was 

ll sets of lattice planes studied. The X-ray values 
constants Young's modulus and Poisson ratio! were 

‘ ‘ with the macroscopic values. From these results, it was 
Electrical Resistivity of Liquid Sodium, Liquid Lithium d that lattice strains in a polycrystalline metal subjected 
4 resses within the elastic range behave in a predictable manner 

and Dilute Liquid Sodium Solutions: J. F. Freedman rresponding to the strain ellipsoid. The results of studies after 
International Business Machines, and W. D. Robert- ic extension were not as clear cut. An apparent linearity of 
a a ttic strain with sin y was found and this indicated that a 

son, Yale I lV , res} 1] stress existed. Mechanical measurements did not confirm 


atior 


research was ipported by the Department of Navy, Office 
Research 


The three rs o ort size ion core potential and charge 
ich contrib nent i vity produced 


results are discussed and the significance of the results to 
easurement is considered 


the dilute alkali Magnetization of the Alpha and Sigma Phases in 

ae anes Several Fe-V Alloys: M. V. Nevitt, Argonne Na- 
size erence 

yntribution of dila tional Laboratory 


gated independent!) The saturation magnetizatior t* and the spontaneous 
sodiun There is netizatior of ral Fe-V alloys have been measured 
. tructures that characterize 
The investigation begar 
le bee a phase, obtained 
suring the re ned after ser ‘ 625°C whict 
the idditior product. The messurer 
range to 297°K by a modificatior 
npiric relationship described 
ses of of 88 cges ts per g and 
were de r ined es data. to 
ot. indicate that in tt lisordered be« 
between saturation me« nd cor 
retained at le t vie t of the 


difference 
terrr invol 


the 


625 lowered the saturation and 
f the 
difference betweer 
rather than the absence o or 
concurrent with the appearance 
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by ‘ ee ‘ i ex 
perimental sated in liquid sodium from 100°C Ce 
The effect of atomic size was investigated 1: ar 
< tions. since th Sc ns bit rae 
: ' t rad of 50 pet. This range of at He aa; 
ge er wh for direct « sluation of the 
tion to the resistivit ncrement 
The effect ‘ olute re potent 
cuf¥ ent difference betweer th 
to that on ted with 
Fina the effect { ite 
tial } 
f quid sodiur produced b 
tk te imiu tin and lead 
The result vy be expresse 
lefining the increment in resist! 
te nd ent nd the 
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The fact that eperation ts pes 
fied in terms ideas nd relationshi: 
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Wednesday, 


centered cubic patterns. This CsCl 


superlattice lines in the bod 
observed by Philip and Beck 


type ordering has been previously 


The phase formed by further annealing for everal hundred 
hour 625°C was found t be ferr mnetic but wit! igneti 
zations lower than the disordered a by about a factor of three 

This abstract is based on work performed at the Argonne Na 
tional Laboratory under the sauspices of the S. Atomic Energ: 
Commissior 


Refractory Metal and Alloy Sheet Program 
2:00 to 5:00 pm, West Ballroom 
(Sponsored by IMD Refractory Metals Committee) 


Chairman: G. M. Ault, NASA 


This session will consist of a series of presentations describing 
the Department of Defense Refractory Metal and Alloy Sheet 
Progran snd related industrial and government research and de 
elopment activities. The objectives and organization of the pro 
gram will be discussed and brief progress reports will be presented 

ering the sreas of alloy development ind selectior coatings 


oining, methods of analysis, standardized test procedures, quality 
pecifications, fabricatior etc 


Symposium on Metallic Moderators and 
Cladding Materials 


2:00 to 5:00 pm, East Ballroom 
(Sponsored by IMD Nuclear Metallurgy Committee) 


Chairmen: M. J. Whitman, U .S. Atomic Energy Com- 
mission, and R. B. Gordon, Atomics International 


Diffusion of Hydrogen in Alpha—Delta 
Markowitz, Westinghouse Electric 


Thermal 
Zircaloy—2: J 
Cor p 


A Review of Metal Hydrides for Nuclear Reactor Ap- 
plications: W. M. Mueller and J. P. Blackledge 
Denver Research Institute 


Hvdrogenous materials are of considerable interest in reactor 
ipplicatior because of the « yility of hydrogen to slow dowr 
neutror Metal hydrides retentior at 
el ited temperatures wit far exceeding 
the we us mater oderators, re 
fle ind contre selectior meta 
hed these pplicat 


Physical Properties of Yttrium Hydride: E. S. Funston, 


General Electric Co 


Recent developments nm yttriun hydride research ve made 

: bie te with exceptional high temperature roperties 
The wefulness of this material has been enhanced by the de 
terminatior f physical properties necessary for engineering ap 
p sitions 

Phys properties suct nelting point. density electrical 
esist t pecific heat und thermal conductivity fron roor 
temperature to 2000°F are presented. The Y-H equilibrium systen 

sed 


The Zr-H System: J. B. Vetrano and D. F. Atkins, 


Atomics International 


The phase diagrar of the Zr-H eveste in the to 
ZrH s presented. The diagran s deduced prin . dis 

iat pressure-<« position-temperature measurements with 
upporting X data 


Mechanical Properties of Zirconium Hydride: R. L 
Beck and W. M. Mueller, Denver Research Institute 


The mechani properties f zircontu hydride are presented as 
functior e te perature nd compositior These data are inter 
preted te ‘tt « elations which exist in the Zr-H 


certain compositional! 


ire of interest for ise = nuclea moderators 
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Compatibility of Zirconium Hydride and Carbon 
Dioxide: H. E. Shoemaker, General Atomic 


An investigation was conducted to study the stability of unclad 


zirconium hydride as a reactor moderator irbon dioxide coolant 


The phase hydride ZrH had excellent dimensional stability 
but suffered as great as 20 pet Hz loss at 1200°F along with 
severe corrosion. The a-plus-A-phase hydride ‘(ZrH swelled 


snd warped in a temperature gradient, but did not lose much hy 
drogen and did not corrode severely even at 1200°F 


Cladding of Delta-Phase Zirconium Hydride: E. S 
Hodge and S. J. Paprocki, Battelle Memorial In- 
stitute 


A study was made of the cladding of solid and powdered 4-phas« 
hydride in both rod and flat shapes with stainless stee! 
am included investigations of metallurgical bonding, both 
of metallic barrier materials. Types 304 


theut the use 
snd 347 stainless steel were used for cladding material. The inter- 
nediate barrier layer materials used were niobiur molybdenum, 

combination of copper and molybdenum, and a combination of 


copper and niobiun 

The pressure-bonding techniques, involving the use of gas pres 
ire at elevated temperatures, were employed in this study. Vari 
ible times and temperatures with a constant pressure of 10,000 psi 
were utilized to produce bonding 

In this study, the best results were achieved in cladding \-phase 
zirconium hydride directly with Types 304 or 347 stainless stee! 
Good bonds were obtained by pressure bonding at 1600°F for 3 
or 4 hr subsequent to pressure bonding at 1900°F for 1 to 2 hr at 
a pressure of 10,000 psi. Partial bonding was achieved betweer 
niobiun and zirconium hydride and molybdenum and zirconiur 
hydride 


Structural Materials in Cryogenic Design 


2:00 to 5:00 pm, Pennsylvania Room-East 
(Sponsored by IMD Structural Materials Committee) 
Chairmen: J. H. Rizley, Convair, and R. W. Fenn, Jr 
The Dow Metal Products Co 


Detail Design Criteria for Cryogenic Tanks—Room 
Temperature vs. Cryogenic Temperature Design Re- 


quirements: R. E. Jacobsen, Boeing Airplane Co 


discussed 


Detail design criteria for cryogenic tanks will be 
Tank design for cryogenic and room temperature application will 
be compared and similarity and difference will be emphasized 
Difficuilti rication techniques and full scale testing that 
ire con e to the cryogenic application will also be 
brieft jiscussed. The detail design criteria to be covered will 
consist f internal piping requirements slosh and antivortex re- 


quirements and fitting and joint details 
Design Criteria for Airborne Cryogenic Tanks: R 
Markovich, The Martin Co 


The emphasis is placed on the selection of materials and the 
requirements of liquid hydrogen tanks. The discussior 
wil siso include the bas design requirements of missile tanks 
and its function as part or the missile structure 


E. W 


Structural Materials in Cryogenic Environment 
Johnson, Aluminum Co. of America 


Designing equipment for service in the cryogenic range of ter 


peratures is not fundamentally different from designing for ser 


ce i ther nges t does, howeve equire shifting of 
‘ hasis il properties of 

sterials ther abrupt as 
the tempe ind throug! the 
crvoger issivity ow -tern 


perature 


bs 
P 
| 
“4 
rie 
the designer's problems 
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Behavior of Aerospace Vehicle Materials at Cryogenic 
Temperatures Ranging Down to —423°F: J. Watson, 
Convair Astronautics 


The properties of a variety of high strength structural alloys are 
ribed in terms of their application in aerospace vehicle sys 
or a series of sub-zero temperatures ranging down to 423°F 
rties of various high-strength metals and alloys are outlined 
s of their metallurgical structure. The effect of cryogenic 
nperature on these properties is described for specific examples 
of alloys finding current applicatio aerospace vehicles. These 
include both the co roll ‘ heat treatable stainless 
steels; aluminum, nickel and cobalt bs ind selected tita 
nium alloys. The various methods producing high strengths in 
these alloys is reviewed briefly and then the effects of these 
treatments on low temperature properties are described in some 
detail 
Since aerospace vehicles using cryogenic propellants depend on 
welded joints for pressure integrity, the effect of welding on metal 
‘urgical structure and hence on properties are reviewed, and the 
low temperature properties of welded joints are discussed 


Effect of Temperature in Fracture Testing of High 
Strength Sheet Materials: J. E. Srawley, U.S 
Naval Research Laboratory 


testing should provide information which can be used 
directly in the design of structures. Rational design against frac 
ture takes the form of comparing a characteristic parameter of 
the stress field in the vicinity of a flaw or crack with an exper! 
mentally deterr ed fracture toughness value for the material 
which is also dependent on thickness and temperature. Tensile 
tests of shaply-notched or pre-cracked specimens provide the pri- 
mary data Fracture strength and toughness decrease with tem 
perature in some cases very sharply over a narrow 
range with an associated change in fracture mode. This is ated 
to thickness as well as hardness of the material. Illustrative test 
results for high strength steels, titanium and aluminum alloys are 
presented 


Ideally 


transition 


Screening Tests Suitable for Evaluating the Relative 
Notch Sensitivity of High Strength Sheet Alloys 
W. F. Brown, Jr., National Aeronautics and Space 
Administration 


The production of weight liquid propellant tanks for 
ockets of advanced requires the use of very high strength 
density ratio eet loys. Present day LOX tanks employ alu 
ess steels with yield strength to density 
above about 900,000. However naterials 
alloys, are available which have strength to 
double this figure The use of these new 
alloys would result in a great weight savings and consequent 
creased payload capabilit In addition, in the near future, it is 
expected that liquid hydrogen will be used as a propellant 
high strength to weight ratio sheet at 423°F 
yns concerning resistance to brittle fracture in 
or other defects. In order to rapidly 
f different materials and to 
is desirable to employ a suitable labor 
sharp edge notch tensile test appears to 
satisfactory respect. Data derived in this test in com 
ation with nooth tensile and yield strength furnish 
relative index ner for various alloy onditions at 423°F 
Examples are 10OWr hich permit comparison between alloys 
resentiy used for tankage and those which are being con 
sidered for advanced liquid propellant rockets 


establish 


The Decomposition of Austenite by 
Diffusional Processes 


2:00 to 5:00 pm, Pennsylvania Room-West 
(Sponsored by IMD Ferrous Metallurgy Committee) 


Chairmen: Morris Cohen, Massachusetts Institute of 
Te hnology 

Elementary Reactions in the Pearlite and Bainite 
Transformations: R. I. Entin, Central Scientific Re- 
search Institute of Ferrous Metallurgy of Moscow 


Thermodynamics of the Bainite Reaction: L. Kaufman, 
Manufacturing Laboratories, Inc., and S. V. Radcliffe 
and M. Cohen, Massachusetts Institute of Technology 

Mechanisms of the Proeutectoid Ferrite and Cementite 
and the Bainite Reactions: H. I. Aaronson, Ford 
Motor Co 

Growth Kinetics and Mechanism of the Bainite Re- 
action: G. R. Speich, U. S. Steel Corp 

Origin of the Surface Relief Effects Accompanying the 
Formation of Ferrite and Bainite Plates: J. W 
Christian, Oxford University 

Proeutectoid, Eutectoid, and Peritectoid Transforma- 
tions in Non-ferrous Alloy Systems: C. W. Spencer, 
Cornell University, and D. J. Mack, University of 
Wisconsin 


Plastic Deformation I 
2:00 to 5:00 pm, Hall of Flags 
(Based on Submission of Research Abstracts) 


Chairmen: A. S. Nowick, International Business Ma- 
chines Corp. and R. J. Stokes, Minneapolis-Honey- 
well Regulator Co 


Frictional Stress Acting on a Moving Dislocation in an 
Otherwise Perfect Crystal: Doris Kuhlmann-Wils- 
dorf, University of Pennsylvania 


The problem of the frictional stress suffered by moving dis 
locations in otherwise perfect crystals is investigated. This is done 
without calculating the core energies of dislocations, but by 
sidering stresses and strains on the slip plane The leve 
frictional stresses obtained is much higher than reported 
ously. Since common glide dislocations in metals with close 
structures apparently do not suffer significant frictional 

are discussed which tend to reduce their effect 
! is discovered. It is based on the idea that 
dislocation axes are not defined with precision 
one to a few times the average displacement of the 
storms. The expected result of this, is a depression of the 
stress for close packed metals even at very low tempera 
no effect on dislocations in crystals with diamond 
and 4 temperature dependence proportional to 
for NaCl type salts and, probably, for bec metals 


Easy Glide and Grain Boundary Effects in Polycrys- 
talline .sluminum: R. L. Fleischer, General Electric 
Co. and W. F. Hosford, Jr., Massachusetts Institute of 
Technology 


Tensile tests at 42° and 295°K have been made on a group of 
coarse-grained polycrystals in an attempt to bridge the gap in 
measurements between fine-grained polycrystals on one hand and 
single crystals and bicrystals on the other 

Fro X-ray optical, and work hardening observations the num 
ber of slip systerns was deduced for a san ple having four crystals 
per typical cross section. It was shown that not more than tv 
or three slip systems provided appreciable amounts of slip in an 

rage crystal in this sample. For this specimen and others hav 

up to seven crystals per cross section, easy glide could be 
‘rved at 4.2°K but not at 295°K 
was found that the stress-strain curve was strongly affected 
the number of crystals per cross section. By considering that a 
yerystal is composed of constrained, interior grains with one 
stress, and less confined, surface grains with a lower flow 
the observed smooth, continuous increase of strength with 
explained. Flow stress did not increase linearly with the in 
verse square root of grain diameter at either temperature. It is con 
cluded, therefore, that at low temperatures I Plle-ups at grain 
boundarie e rt r ortant in determining the flow stress in 
aluminun 2 jrain-size effect is probably due to surface 
crystals being weaker because of their reduced constraints and 
hence is a relative size effect 


SEPTEMBER 1960, JOURNAL OF METALS—739 


A 
aes 
ay 
mie 
i 
4 
| 
4 
95 


Wednesday, October 19 
: P ‘] “rs ale , the surface of the specimen greatly influences the amount of strain 
Rupture of Surface Films on Aluminum Crystals by were etched during the 
Plastic Deformation R J Block ana Marvin period of strain recovery then the single crystal would strain 
_ Posi eT) « recover less. A copper coating enhanced the amount of strain 
Metzger, University of Illinoi recovery as well 1s effecting the very initial stage of the stress 
strain curve. These results, in general, are the same as earlier ob- 
When a f ed etal is deformed, the dislocations must break the ervations of Barrett, who used single and po yerystalline iron and 
2 film to p it ¢ the rvst It is known that this does not al rine in to n. It is so believed that part of the strain recovery 
ve but the f t ntr ne the extent to which the is produced b the elastic repulsion of dislo« ations in the interior 
i catior break through or pile up have not been cleat demor of the specimer 
trated. In the present ws tudies have been made using high The AEC supported this work 
purit unt ingle crystals, anodized and te ted in tension in 
» bork . i utior The irse f film rupture wa followed by 
King iltaneou stress-strain snd «potential-strain measure 
4 ent Potential changes were correlated with independent ex- 
periments in which the film was removed from known areas Easy Glide of Lead Single Crystals: R. L. Fleischer, 
The initiation of plastic deformation was accompanied by a4 General Electric Co 
listinect rise n the potentia During continuous straining in single 
t : sturatic value of potential change was reat hed. The po 
tentia bet ior jepended upon strain rate , manner con Effects of temperature and impurity content on the easy glide of 
istent with the measured rate of filr repair. Althougt there was lead have been examined. Melt-grown crystals of 99.9998 pct lead 
lear qualitative ¢ dence { substantial rupture of ali the films or lead plus small amounts of tin, copper, or aluminum were de 
teated. it was not possible to determine quantitatively the extents formed tension at 77° or 4.2°K 
; f film upture and dislocation pileup without special additional It was found that pure lead shows the three stages and the ori 
| slit n procedures entation dependence normally found for fee crystals although, as 
Exper ent i which thicker film were epplied or removed in aluminum, stage II is not li r. Soluble impurity additions ex 
“ juring the test indicated that the films produced a definite irden tend easy glide; insoluble ones tend tc term e it 
‘ ng effect fter a certalr ; int { deformation in single slip al The bove impurit effects are interpreted using 4 hardening 
4 th wh the hardening wa net detected immediately after their model due to Diehl. It is suggested that soluble impurities en 
pT tior rr in wen wccord with previous work on the courage eas} glide by raising the yield stress and hence the 
} effect of f n the plastic flow of crystals, and is consistent with stress to cause secondary slip. The hardening slope in easy 
: the presence of ibstantial disloc ition pileup glide is theret reduced, and the st the end of easy glide 
7 This work was supported by the Office of Naval Research is increased. It could t be determined whether an additional 
effect. due to latent hardening, was also present, one con plicatior 


being the inevitable presence of grip effects although these might 
urving the sample size 


: Latent Hardening in Aluminum: U. F Kocks, Harvard be separated from the others 


yurities are interpreted as due to 


The effects of insoluble in 
and therefore work harden- 


University 
ocal stresses increasing secondary slip 


— P ng, thus suppressing easy glide It is suggested that the usual 
. \ te nique © applying tw ndependent strain componer ~ srientation dependence and lack of easy glide previously observed 
' ‘ ised perate altert atel; various pairs of glide by Feltham and Meakin were due to suc h impurities in the lead 
te er se ’ t es. including those of the conjugate aod 
t p elationshir y and npressior are 
F sed thin-walled prismati« quare or hexagona single crys An anon lv was the finding that creep could not be observed 
tals. Stre train curves are measured for both components at 4.2°K. indicating that, if present, creep is at least an order of 
gnitude less rapid for lead than for aluminum at 4.2° 
. Interactions Between Families of Dislocations in the 
FCC Lattice: B. H. Kear, Franklin Institute Labora- Plastic Deformation of Lead Single Crystals from 4.2 
tori to 273°K: G. F. Bolling, L. E. Hays, and H. W 
Wiedersich, Westinghouse Electric Corp 
Interactior between f lies of dislocations gliding sin ultane 
i flerent p te the fee lattice are examined. It 1 
} wn that le the pI ‘ te nditions various type of small Single crystals of zone refined lead were grown from the melt 
ne t epresenting w-energ configurations for the These were deformed in tension at temperatures in the range 4.2 
d t ‘ ke t { jirect during plastic deformatior to 273°K. The effect ¢ strain rate was examined over four orders 
The rf t ind ‘ sy be pure tilt, pure twist ra f gnitude t 77°K In commor with ther fcc metals the 
t e tilt and ire twist, depending om the tatior unals f th tensile data displayed at least three d 
te tior between the d ati s occur nd m the n the defor ition of lead singk rystals. Special e 
‘ t , < The energies of the different boundaries are ca paid to the onset of the third stage at the stress r and the tem- 
i P j he changes " rt nnealing are discussed perature dependence of this stress was used to estimate the stack- 
it «pected that these bound wW be formed during the g-fault eners 
f tage fi t lef tior under the appropriate cor For certain crystal orientations two distinct linear regions other 
; ‘ but t event with increasing stress the boundarie thar . de vident. An examination of other fcc metals 
he i the stior wil cut through one ar were evide Ar 
me - - revealed these tw stages. The nd linear region may be 
/ w gene considered part of the third stage deformation and an explana 
Secu ns from ome type of tion of the phenomenor « offered on this basis 
) be me sources of vacancies, whereas in another type they become 
< f interstitial atoms 


: Microcreep and the Elastic After-effect in Zinc Single X-ray Study of Deformation Stacking Faults at Low 

Crystals: J. M. Roberts, William March Rice Uni- Temperatures - in Lead, Some Lead Alloys, and 

versity. and Norman Brown, University of Penn- Aluminum: G. F. Bolling, Westinghouse Electric 

vivanis Corp., T. B. Massalski, Mellon Institute, and C. J 
McHargue, Oak Ridge National Lab 


crystals at 295° and 


re ee was ir zing single 
223° A def ed i shear. At stress levels below the macro The deformation stacking-fault probability x, has been deter 
t ield ¢ * the ee ate ppr he re na short time mined by the deformatior of bulk specimens of zone-refined lead 
i the tia eeT te sried nearly w stress. After a prior t 42 and 77°K Alu A 99.996 pct »-brass 70:30 lead 
t the stre wae relaxed below the flow stress, and strain re 0.10 atomic pet silve nd lead—20.0 ato pet indium were also 
8 bse ec t 4 tress levels. The rate f strain examined at 4.2°K. It chown that a difference exists betweer 
‘ genera aried re thmically During the t e of slu niu nd lead, the tter being ypper-like in its value fa 
‘ ‘ t fter a f strain, there was also an instantane The influence of increased deformation in increasing the value of a 
tralr . s de nstrated Addition of indium to lead suppresses a meas- 
rT? t ecovery behavior was very dependent upon the ireable value f a which correlates with observations made on 
tate f irface of the specimen. The pile-up of dislocations at twinning in this allo» 
26 
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order strengthen 


Short Range Order Strengthening in Cu-Al Single ield points, further evidence for short range 
Crystals: T. J. Koppenaal and M. E. Fine, Northwest- po a a 
ern University neali the 14 atomic pet Al crystals Ar increased 

rate by lowering the lower yield point 
r : rain rate effect since the flow stress of a n 
Yield points were observed in Cu-Al single crystals containing 5 t “ g strain rate. It is felt that 

10 & 14 atomic pct Al and have been attributed to short range aster rain rf . ad } ter liffusion times, the steady 

order, which is known to exist in these alloys f local o ’ in active ip plane will be sm 

The yield points \r ch nd ore 


prod he succeeding dislocations will 
‘re produce 

hours at 250°C between each test, are highly composite 
mm fo 


easir 


was 50, 167 and 506 gm per sq : for ne vatio ' e ¢ motion “ r determined for the 14 

atomic pct Al crysta respectively this is in rreer o < ervstal Oo ving time necessary to pro 
the theoretical composition dependency predictec ‘ irious t nperatures on o 0°C. In the initial 
order strengthening \r is also rather insen tra grr in ~0.7 ev 

testing temperature when tested below 200°K. Abov rr cr ‘ These are in 

ture Ar increases with increasing temperature 2Ar slues ned vy Wechsler and Kernohan 

for 14 atomic pct Al crystals A large strain increment (4 pct shear quenched radiated 15 atomic pet 

strain for the 14 atomic pet Al crystals at 77°K 


77 )} is associated with 


with 
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Refractory Metal Activities in Europe trepolated to due t 
9:00 am to 12:00 m, West Ballroom howe 
(Sponsored by IMD Refractory Metals Committee) licated. Fo in ticular cond process | u 

Chairman: J. J. Harwood, Ford Motor Co 


il activation, follow 
wtive 


Survey of Refractory Metals Research in Europe: R. I 
Jaffee, Battelle Memorial Institute 

Highlights of Sheffield Refractory Metals Meeting 
B. S. Lement, Manufacturing Laboratories, Inc 

Report of AGARD Activities in Refractory Metal 
N. E. Promisel, Navy Department, and W. J 
National Academy of Science 


raduate Student 
H ter? ow Products Co., Midland 
arris, M 


; Mechanis of Surf: Effect ‘rystal Plasticity 
9:00 am to 12:00 m, East Ballroom 


rrit st) dislocatio mans occurs by the 
(Based on Submission of Research Abstracts ‘ 7 nisi 


stress and 


Chairmen: A. R. C. Westwood, RIAS, and D. Wilsdorf, 


urface 
University of Pennsylvania vee 
of this resists 
Strain Rate Studies of Al-1.7 at. pet. Cu at Low Tem- * * 
peratures: J.G. Byrne and M. E. Fine, Northwestern i ' nd ' 
University 


In Al-1.7 atomic pct Cu heat 


treated to various structures 
ation of the flow stress with str 


strain rate over the 
oss-slip and Cross-climb of Dislocations Induced by 


a Locked Dislocation: J.C. M. Li, U. S. Steel Corp 


ocatior nduced by 
dge dislocations inducec 
d the cross-climb of 
igh slip 
o mutua 

ition volume r be inter; 

ur roposed by Seeger and equal t 
3urger'’s v d the 


mi t 


activation distance, and 
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Some Recovery Characteristics of Zone-melted Lron 


pulsio 2 Dislocatior withir ) ertain regior 
will be itt ted nd ured the locked d . . 
region will be called the zone of capture 3) Di J. T. Michalak, U. S. Steel Corp., and H. W. Paxton, 
on some origina p plane within a certain regior Carnegie Institute of Technology 
can nad ed to ct ge t inother p plane rf 
“of "Thea t a — - The isothermal kinetics of the recovery of the flow stress of 
nce polyerystalline iron have been studied as a function of the amount 
inal sli will b ca st » of « 
"od oe ef tensile deformation, the ter perature of the deformation, and 
o cations ce 
n encounte the time and temperature of the recover) anneal 
cath iT ‘ one eine sucn 
o of repulsior , sre. and ci b nd the we The recovery of the initial flow stress is characterized by aia 
the ginal bing plane wnd final « bing plane » step of logarithmic time dependence for the range of time over which 
ere imb. The dimensions of all these zones and steps lepend the major recovery changes occu! b) an increasing activation 
en the external stress and the critical cor litior for slip and for energy with increasing recovery over the temperature range of 
t Quantitative discu f these J4imensions will be given 300° to 500°C r a slight increase in the rate of recovery, but no 
nerease in the maximun amount of recovery following increased 


together with detailed description of the paths Application of these 
symount of prestrain; ‘d) an increase in both the rate of recovery 


esults to experimental observations will also be discussed 
and the recoverable component of strain hardening after prestrain 
at 78°C 
remperature Depende nee of the Yield Processes in The recovery of a flow stress other than the initial flow stress 
kinetics of recovery as the 


yppears to follow the same general 


Polycrystalline Iron: Raymond Ekvall and Norman 
B U ' ‘P nitial flow stress, but is less advanced 
re ns 
rown, niversity 0 ennsy!ivania An isochronal study of the recovery of single crystals of this 
same material revealed more sluggis! recovery as compared to 
stage of yielding mn tron were analyzed by a new th polycrystalline fr sterial. and the formation of substructure at 
ethod The tre strain test employed a broad relative low annealing temperatures. The recovery of the initial 
! ensitivitie f 10 to fracture r ich a way flow stress of single crystals ¢t » level equal to or less thar the 
that a t ar equence of strains nd strain sensitivities may be tial flow stress of the unstrained condition has beer observed 
nvestigated Thu » large st t : be i ediately followed by sfter annealing at 800° or 900 Cc 
s ver sn trai The results are discussed in light ef the current theories of 
I wa » ible to obse ‘ n-€ tn t stresses a5 work hardening and annealing 
A 000 pei This nit tre t wt ve ent 
ould be detected was not temperature « between 200 
nd 77°K where the ordina eld point ex ry strong ten Mobile Dislocations, Dislocation Velocities and the 
perature dependence 
—o Macroscopic Plastic Properties of Dislocation-free 


The next stre leve nm the elding process wa 
ry nearly the same Germanium: A. R. Chaudhuri, J. R Patel, and L. G 


with pe unent plast def tion and was ve 
=the tiona nit rer ted n other nvest the was 
tevendent, it increased by 20,000 psi Rubin, Raytheon Co 
77°K when the ad stions were freed from the itmosphere by 
'P lef tion at low temperature, and when the dislocations The macroscopic plastic properties of dislocation free germanium 
were pinned ft wing treatment, the temperature lependence ervstals are explained through a knowledge of the numbers and 
f “ t ncreased t ditional 20,000 psi. The ten velocities of dislocations formed during plastic deformation, as has 
perature dependence of the flow stress w the same as the ten been proposed for lithium fluoride by Johnston and Gilman 
lem we eld it The method of Stein and Low has beer ised to n easure average 
for aged dislocation velocities under various stress conditions 
It . wded that if there | : ippreciable Peierls Nabart stress temperature and impurities have been determined Dislo 
‘ ~* . esa than 8000 psi and it does not contr bute to cation velocities are strik ngly different in silicon and germaniun 
the tempe e denendenct " the temperature tence of from those found in LiF and in Si-Fe, in that the velocities be 
ted th Cottre king partl anes come essentially independent of stress at velocities of 10 to 10 
sod with sufficient an em per sec in the temperature range 400° to 700°C 
e the ’ w distance ti ah the ce t the latter Average dislocation velocities were also determined from meas- 
tre et ed t | ite itting of dis ured values of dislocation density after deforming to the maximum 
sth re stress wssuming that a dislocations were mobile Velocities thus 
Thi A . supported t ONR measured were lower than those obtained by stress pulsing thus 
ndicating that all dislocations are not mobile, in a sample that is 
t 


being deformed. In fact for certain orientations only 5 pct may be 


Dependence of the Mechanical Properties of Disloca- mobile 
tion-free Germanium on the Electron Properties The temperature dependence and the strain rate dependence, of 
the xximum stress are due to both the numbers and veloc 
J. R. Patel and A. R. Chaudhuri, Raytheon Co dislocations. However, the temperature 


dependence of the stratr 
f » constant maximum stress, is due 


ynivy to the tempera 


rate, fe 
\ ntrasted t etal crvsta t has be« found for the semi ture jependence of the velocities of dislocations. In the shear 
P fuct element ge sniu that it is possible t elate the stress range 0.5 to 10 Kg per sq mn the activation energy for this 
lef sthor r teristic te ertain electronic properties of the process is 1.5 e’ nd is independent of stress The delay times 
‘ n germanium can be determined from a know edge of the dis 
The effect he g wit? sn n-type donor element orf " velocities und the results are compared with the direct 
p-type accept ele ent the sximum stress reached during easure ents of the delay times obtained by Penning and de Wind 
the te e def st fad tion-free «ge mnium has been re 
ported ‘ " The impurity effects are due to the fact that on . . 
sine Dee oe iclocations in n-type arsenic doped germanium are Mechanical Properties of Tellurium Single Crystals 
higher thar indoped « nd in p-type gallium doped R. J. Stokes, T. L. Johnston, and C H. Li, Minneapo- 
‘ wer than in undoped get niu " 
bet nted for by a dislocatior lis-Honeywell Regulator Co 
tersectior ect g the formation of trails of va 
‘ wt erve ¢ t “mt the motior ' screw Tellurium has a hexagonal crystal structure In which the atoms 
ponent fa tions. 5 ncies benave as a com in sre covalently bonded along spiral chains parallel to the (0001) di 
me the type nd ount of purity present influences rection. The bonds which cross link the chains are partially Var 
the ease ‘ tor the - vos nd hence determines der Waals and partially metallic in nature Slip occurs in the 
the re t the motion of the dislocatior 
The Fe awe sins { the temp« ture wnd the 1120 directions overt 1010) Class I prism planes which are als« 
ow me fa . € the , Fr easurements of the cor the planes of cleavage. We have determined the mechanical be 
ont he - te ‘ ¢ either the . streas the velocity havior in tension of chemically polished single crystals having the 
t te peratures, it ? been found that inf ition can be three following orientations; tension direction parallel to 1120 
‘ ed the trins er entratior ws a function of parallel to [1010 parallel to (0001 directior 
te eusve » the displacement of the Fe evel f 
enter the eners the tior f the wcanc When specimens are favorably oriented for slip over 1010 
eve These dete natior f the echanica neasurer planes I and Il they are extremely ductile exceeding 20 pct 
‘ X i greement with the direct ¢ ectrical measurements of elongation, providing great care is taken in their prepat ition and 
handling. The CRSS is very tow ~300 psi. F orientation, two 
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1010) planes are equally inclined at 60° to the tension axis and 
the active slip plane rotates towards the plane of maximum re- 
solved shear stress. This favors continued single slip. For 2, two slip 
planes are at 30 to the tension axis and reorientation during 
plastic flow raises the stress on the dormant plane This favors 
duplex slip. Rates of work hardening (2 higher than 1 and slip 
band appearance for the two orientations are consistent with this 
difference in slip behavior 

For orientation 3 there is no shear stress over (1010) planes and 
these specimens are extremely strong They can support 
stresses of 20,000 psi with no detectable plastic deformation 
deformation and fracture characteristics for each orientation will 
be correlated with bonding anisotropy 

This work was partially supported by ONR 


Plastic Deformation of InSb: I—The Temperature and 
Strain-rate Dependence of Yield Stress: M. S 
Abrahams, Radio Corp. of America 


initial deformation characteristics of single crystal InSb 

145! tensile axis and containing about 1.5 x 10 surface 

sources per cu cm have been studied. The specimens were de 
formed at temperatures between 300°C and 515°C and at shear 
strain-rates between 1.94 x 10°* sex and 194 x 10 sec At 
constant strain rate, the yield stress, +r decreased linearly with 
increasing temperature and followed the equation, r, M (T.« T) 
where M d aT and T 525°C) is the melting temperature 


of InSb. Therefore, all the curves of r, vs T are seen to intersect 
at the melting temperature. The quantity M is related to the 
strain rate, 4, by the equation, M a tanh b,, where a 5.11 
psi*C and b 465 10° sec, and therefore is seen to attain 
saturation value at high values of the strain-rate 

A series of samples, called 8-type samples, were also tested 
which a deviation was observed from the linear variation of + 
T of the previous a-type samples. In this §-type behavior, the 
crease of ry with T was less for 452 < T 472°C. and then 
472 T =< 515°C, the variation of r, with T increased so as 
again intersect at the melting point 

Electrical samples, associated with each tensile specimen, were 
given heat treatments similar to the tensile specimens and quenched 
from the elevated temperature. The percentage change in carrier 
concentration, electrical resistivity and Hall mobility was deter 
mined at both 78°K and 300°K. The a-type samples showed no 
change the §-type samples exhibited large changes in all prop 
erties at both temperatures 

A model is presented to account for both the a- and §-type be 
havior in terms of impurity-locked surface sources expanding under 
the restraint of a large Peierls-type stress 


Yield and Fracture Stresses of Silicon Single Crystals 
W. D. Sylwestrowicz, Bell Telephone Laboratories 


Single crystals of silicon were subjected to tensile tests in the 
range of temperature from 25°C to 1380°C Nearly perfect crys 
tals as well as those with many dislocations were used in the 
experiments. All samples were loaded in the 111 direction and 
had lateral faces with (110) and (112) indices 

It was established that above approximately 500°C single crystals 
of silicon could be plasticly deformed. The value of plastic strain 
increases with temperature and is of the order of 30 pct at 1300°C 
Upper and lower yield points were observed in the range of 
temperature where plastic deformation takes place Up to ap 
proximately 1100°C, tests ended ir cleavage fracture above this 
temperature in rupture. The cleavage stress increases exponentially 
with temperature. Ultimate tensile stress and upper and lower 
vield stresses decrease i ternperature It seems that the ap 

l related to the oxygen content in 
sterial, produced by floating zone 
f oxygen do not show at all or 
ery distinct slip band syster 

was observed on the surface 

observations cescribed above 

was no noticeable distinctior 
nd those with many initial dis 
ered for the conditions leading to 

und to its temperature dependence 


Powder Metallurgy I 
9:00 am to 12:00 m, Pennsylvania Room East 
(Based on Submission of Research Abstracts) 


Chairmen: A. Karion, Alan Wood Steel Co., and W. V 
Knopp SKC Research A ssoctates 


Production of Ultrafine Metal Powders by Ball Milling 
with Grinding Aids: Max Quantinetz, R. J. Schafer, 
and Charles Smeal, National Aeronautics and Space 
Administration 


Normally, ductile metal powders cannot readily be ground to 
sub-micron particle sizes because of agglomeration or welding 
phenomena which occur in the grinding mill This paper will 
describe how nickel and several other metal powders have been 
ground to sizes as fine as 0.1 « through the use of selected grind 
ing aids, especially complex metal salts 

This work was started as a result of a search for fine metal pow 
ders for use in dispersion strengthening studies Since ultra-fine 
powders were not available commercially, it was decided to attempt 
to produce them by ball milling. Various grinding aids ‘metal salts 
with different ion size, valence, and polarizability plus conven 
tional surfactants were employed Ethyl! alcohol, water cyclo 
hexane n-heptane sand methviene chioride were used as grinding 
fluids. Milling was conducted with Cr, Fe, Cu, Ag and Ni powders 
of different particle sizes 

Generally salts proved more effective as grinding aids than sur 
factants. The effectiveness of a salt as a grinding aid could be 
related to its valence characteristics and the polarizability of its 
ions. All of the metal . above were successfully 
ground to sizes less type grinding fluid employed 
was found to significantly effect the grindability of the metal 
powders 


Effects of Relative Particle Sizes of Nickel and MgO 
Powders on the Strength and High-Temperature 
Stability of Dispersion Strengthened Nickel-MgO 
Allovs.: R. J. Schafer, Max Quantinetz, and J. W 
Weeton, National Aeronautics and Space Administra- 
tion 


Of the many variables that can be introduced during the fabrica 
tion of dispersion strengthened alloys by powder metallurgy tech 
niques, metal powder sizes and the percent volume of the oxide 
phase are believed to have pronounced effects upon the type of 
dispersion obtained. This investigation was undertaken to study 
the effects of these two variables upon the dispersed phase struc 
ture and the stress rupture properties of the nickel-MgO alloy 
powder metallurgy products 

Nicke! powders of 1 4. and e combined with MgO 
powders of less than .1 «. The oxide was added to the mixture in 
quantities of 4, 12, and 20 volume pct Hot pressing and extruding 
of all specimens was done at 2100°F and stress rupture tests were 
made at 1800°F. Electron and optical micrographic studies were 
made. Variation: in particle sizes and interparticle spacing of the 
dispersed phase were studied and attempts were made to correlate 
these parameters with stress rupture properties. It was noted that 
» pickup of NiO was obtained during ball milling. It is believed 
that this mpurity influenced the agglomeration of some of the 
oxide MgO in the specimens 


Effects of Variations in Carbon Content, Heat Treat- 
ment and Mechanical Working on Stress-rupture 
Properties of a Liquid Phase Sintered High Temper- 
ature Alloy: P. A. Clarkin, J. W. Weeton, and P. F 
Sikora, National Aeronautics and Space Administra- 
tion 


From a research standpoint, powder metallurg methods may be 
considered means of achieving structures not obtainable 
normal y and mechanical working practice Structures 
in casting ma sometimes be avoided wher iliocys are 
powder metallurgical techniques. Macro- and microsegr 
sllioving elements may also be avoided and more efficient 
jements can be made 
estigation deals with the effects of variations in carbor 
structure on the stress rupture properties of a cobalt 
resistant alloy, produced by liquid phase sintering of 
powders. The all selected for study had a rnatrix 
equ nlent to that of carbon free S816. Carbon con 


varied from 01 to 1.0 wt pet 


showed that stress rupture properties equivalent to or 
r commercial S816 could be 
addition, the powder metal 
with microstructures such 


those of or wro 

obtained with the powder product 

techniques produced speci 

forging was read accomplished even with carbon contents 

as high as 1 pet. A good correlatic between stress-rupture prop 
erties and microstructure was obtained in many cases 
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Some Effect of Variation of Hot 
atures Upon the Agglomeration of MgO in a Dis- 
persion Strengthened Nickel-MgO Alloy 
Schafer, Max Quantinetz, and J. W. Weeton, National 
Aeronautics and Space Administration 
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Production of Refractory-coated Fine Metal Powders 
Suitable for Use in the Production of Dispersion- 
Alloys: W. B. Tarpley, C. D. Mc- 
W. E. Marceau, Aeroprojects Inc., and G. S 
Rensselaer Polytechnic Institute 


trengthening 
Kinney 
Ansell 


described 


ers 


New Metal-bonded Gr aphite 


R. L. Van 


Materials: M 
Isten, and D. W. Hall 


Humenik, 
Ford Motor 


surface tension, liquid 


Powder Metallurgy Luncheon 


Open to all who are interested in or wish to 
learn more about the subject 
Time 12:15 pm, Thursday, October 20 
Place Tiered Balcony 
Price $4.00 


Tickets Purchase at Registration Desk 


744—JOURNAL OF METALS, SEPTEMBER 1960 


Engineering Fundamentals of the Rolling Process 
9:00 am to 12:00 m, Pennsylvania Room-West 
(Sponsored by IMD Shaping and Forming Committee) 
Chairmen: W. A. Backofen 

Technology 


Present Status of Theory: L 
Electric Co 


Massachusetts Institute of 


F. Coffin, Jr.. General 


Joundary 
G. W 
nology 


Conditions at the Roll-Material 
Pearsall, Massachusetts Institute 


Interface 
of Tech- 


Resulting Structure and Properties 
General Electric Company 


W. R. Hibbard, Jr 


Precipitation and Dispersed Phases 
9:00 am to 12:00 m, Hall of Flags 
(Based on Submission of Research Abstracts) 


R. F. Bunshah, New York University 
Scott, Janney Cylinder Co. 


Chairmen 


W.B 


and 


Determination of the Number 
Volume From Measurements Made on Random 
Plane Sections: The General Cylinder and the 
jllipsoid: R. T. DeHoff and F. N. Rhines, University 
of Florida 


of Particles per Unit 


The number 


expected to m 


intersections, Nx, that a randor 
with N 


plane may 
particles dispersed in an opaque matrix ts 
Nv D 


sverage distance between tangent planes for all 


possible to relate Dy to the 
formed upor 

n classes 

from measure 

relationships had pre 

iggregates spheres, rods ind plates 

spheres and plate of arbitrary size distribu 

nd for ders constant shape The present 
paper extends : li classes of which Ny may 
be deterr aggregates of 1 ir 2 particles with 
' cevlinders of arbitrarily mixed shape and 
4 ellipsoids of revolution of arbitrary 


found that ) the 
» of the type 


classes of shapes thus far studied 
Ny ki 

results in which 

k, is a proportionality constant 
s a shape factor which may be determined fron planar 
easurements 
, is the number of intersections per unit area 

the average value of the reciprocal of some characteristic 
r f a planar cut 
cknowledgement is accorded the United States Atomic 
which has supported the prograr of 
which this research has been a part 
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Nucleation Catalysis by 
sium Alloys V. B 
Products Co 


Carbon Additions to Magne- 
Kurfman, The Dow Metal 


Grain 


refinement of Mg-/ alloy by carbonaceous 
has beer l 


rdditives 
attributed by ear nucleation by Ce 
The work described den ra many of the process and 
sllov variables can be inter predicted from the knowr 
chemistry f the nucleating f 
The grain coarsening effects of » me Ti, RE 


temperature extremes nd prolk 


chlorination 
nged holding times are shown to 


> 
a 
: tion which i one of a series of 
effects of hot pressing temperature 
‘ 
A method is by which fine metal particulates are 
coated with thin lavem of reft tor compounds. These powders ee 
re ifficier fine and the coatings adequately adherent to pro sae 
‘ ide good tarting materia for the production of dispersior ig 
trengthened alloys by powder met urgical techniques. The meta Dae 
powder which have beer mated include nicke «tantalur 
These powds in ror } e been thir coated with 
bot u nu on ide and hror ide Electron micrographs of 
> these ated particles © presented in which both the meta ago 
2 particle und their coating are ea evident. These powders oat 
: were pacted tered, extruded into rods, and their meta ae 
urs tructures examined by electror croscop Quantitative 
sation thereof show dispe mn spacings of the second-phase 
=e particle n the al matrix ranging from approx itely 2 to 5 Es Ks 
The dispersed refractor part © flake hape ind compris« 
bout 3 to 5 pet of the sme fraction of the 
Further of tt technique for producing coated meta where D 
particles ussed in relation to other two-phase ems which 
hould be sitable se the tarting material for dispersior trength 
ened a eh 
The research here reported w sponsored by the Department of Reais 
‘ 
the Navy. Bureau of Naval Weapons 
Co 
ek 
paper « prises tiseu n Of the - 
olid interfacial energy, and wettability of Fe-C and Fe-C-Si allovs ce 
mtact with graphite A has been developed for con 
trolling the wettabilit f graphite, which permit iquid phas« Ee 
+ intering te nique to be ems ed f fabricating metal-graphite he 
nate neing 40 ime pet graphite Data wil 
be presented n the propertis f these materials 
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depend or chemistry and dispersion of the nucleant, and the 


requirement nemicall clean nucleating surface in a dy 


ic systen 
stressing the chemical and dispersion cri 
refinement 


Conclusions are 


ia for successf 


Nature of Nucleation of Precipitates in the Silicon- 
Lithium System: J. W. Ferman and R. A. Swalin, 
University of Minnesota 


The kinetics of the precipitation of lithium in silicon have been 
studied in ultra high-purity silicon produced by the floating zone 
techniques have been used t 
Samples have 
lithium covering a range in concentratior 
two orders of Lithium was introduced into the 
it 7oo"C and =the recipitation kinetics were followed at 
constant tempe of saturation has been used in order to 
minimize the r riables influencing the process 

The precipitation pro aracterized by rather pronounced 
precipitates according to 


technique. Electrical resistivity 
low the progress of the precipitatior reactior 
prepared 
ignitude 


ransient effects ; i ur 

simple exponential ca ‘ ‘rom the exponential decay par 
of the irve ilues of +r, the racteristic precipitation time are 
obtained and +r is evaluated analytically as a function of C the 
initial lithium content. It is found that 

Cc 

From the concentration dependence of + several interesting points 
concerning the nucleation phenomenon can be deduced a Lithiur 
is not precipitating homogeneously since the influence of ithiun 
concentration on +r is too s l t A critically sized nucleus for 
precipitation is not cluster as has been suggested. This 
follows since according action 


ind hence the number of nuclei should be proportional! to 
C.*. This concentration dependence is not observed but rather 
it appears that the number density of nuciei is independent of € 
This conclusion, arrived at on the basis of kinetics, has been con 
firmed microscopically by use of an etchant developed 
laboratory for selectively delineating the lithium-rich prec 
particles. With this etch, it has been determined that pre« 
particles are platelike in shape and lie or 111} type planes 

cor 
In order to determine whether or not oxyger 

sctive role in the nucleation process, experiments 
in which aluminum was introduced 
the introduction of lithium. Since it is 
ion pairs with dissolved oxygen in si 
reduce the particle number density of lithium precipitates 
gen is important in the basic nucleation reactior A reductior 
was indeed found to be the case 

The nature of t precipitation catalyst and the role of oxyger 
in the process will be discussed 

This research was sponsored by the Office of Naval Research 


Microstructure of Unidirectionally Solidified Al-CuAl 
Eutectic: R. W. Kraft and D. L. Albright, United 
Aircraft Corp 


Solidification experiments were conducted with the objective of 

the theory of eutectic colony formation. The results of 
high-purity 1} specimens of eutectic con 

of ¢ colonies can be 

suppressed by ropriate co { the impurity content, the 
ition rat and h » the liquid at the 
consisting of lame! 


solidificz 


liquid-solid 


polished surfaces defects. termed 
rinate lamellae. Lame 
many respects t« 


complex substruc 


In additior microstructure and the colon, 
microstructure (i v ? i all were also observed 
» third type of « ire, was observed under 
certain growtt ippearance of this 
microstructure understood but certain 


fluential growth parameters hav been tentatively established 


Structural Relationships Between Precipitate and 
Matrix in Cobalt-rich Cobalt-Titanium Alloys: R. W 
Fountain. G. M. Faulring, and W. D. Forgeng, Union 
Carbide Metals Co 


The mechanism of precipitation of the fcc phase, CosTi, from 
supersaturated solid solution of a cobalt-6 pet titanium alloy has 
beer ivestigated using single-crystal X-ray diffraction techniques 

treated single-crystal slices were aged for various 
tin temperatures of 600° and 800°C. The aged crystal slices 
were riented with their 100) ofr 110! directions parallel to the 
incident F bean 

Oscillation patterns of specimens aged for short time 
600°C show satellite reflections indicative of a coherent 
parallel to the 100 matr planes After 48 hr at 600°C 
discrete satellites matrix reflections. This 
tributed to partial , of the precipitating phase 
C results in the formation 

3 603A) and a 
3.573A. The Co»Ti 


orientation as the 


itrix. Aging for 
distinct fec phases identified as CosTi ‘a 
solution of cobalt and titaniun a 
precipitates in the same crystallographic 


initial stages of aging at 600°C., transmissior Laue patterns 
reflections in vo iall-angle regions Based on 
and ‘i meters of the matrix, a4 


Bragg reflections 
is presented to i ’ nall-angle 
corroborate the obser ’ ve coherent growth of the 
indicated by the oscillation patterns 
owth of the precipitate szing time indicated 
characteristi« of the Laue reflections of the 

with changes in the hardness of single 

yvstalline specimens 


phenomenon 


crys 
electrical resistivity of poly« 
sir 

Electron studies of the precipitate morphology confirm 
that the precipitate is in the form of thin plates, as deduced from 
the X-ra diffraction studies. Electron diffraction analysis of the 
precipitate extracted from | 4 alloys substantiates that the 
CosTi phase is ordered 


Electrolytic Dispersion Hardening: W. H Meiklejohn 


and R. E. Skoda, General Electric Co 


hardening will be described which con 


A process of dispersion 
into a liquid 


sists of the electrodeposition of an insoluble metal 
base metal so : » form a fine particle dispersion of the 
metal. The ula system of copper containing 1 # 
of molybdenum will be discussed 

The electrodeposition carried out at 1200°C in an argor 
atmosphere. An anode vybdenum was suspended in a fused 
electrolyte of barium and magnesium fluorides The cathode was 
a molten l of copper. High frequency heating was used 80 a5 
to cause some stirring of the metal. The melt was chill cast to 
obtair » uniform distribution of the molybdenum particies 

The increase n the yield strength due to the dispersion of 
molybdenum particles and the temperature de pendence of the y leld 
with the predictions of the equations 


insoluble 
particles 


strengtt wre in agreement 
developed in our previous work on the Fe Hg syster 

Copper wires containing 1.4 volume pct of Mo particles were 
annealed at 500°C and measured to have a yield strength of 21,000 
psi at room temperature The 100 hr creep to rupture strength at 
450°C was 2-% times that of pure copper The resistivity was 
& pet greater than gfc copper at room temperature but the dif 
ference gradually decreased with increasing temperature until 
at 200°C the resistivities became equal and remained equal up 
to 400°C 


Effect of Temperature on the Yielding Behavior of 
Several Aluminum-Aluminum Oxide Dispersion- 
strengthening Alloys: F. V. Lenel, G. S. Ansell, and 
R. A. Bosch, Rensselaer Polytechnic Institute 


The yielding behavior of several alloys, consisting of a matrix 
nmercial purity aluminur containing finely dispersed 
se of aluminum oxide was determined as a function 
perature, over the temperature range from 90°C to 500°C 
oportional limit of these materials was used as the cri 
for vielding. The observed variation of the proportional 
with temperature is mn good agreement with the behavior 
cted by the theory proposed by Ansell and Lenel to describe 
yielding behavior of dispersion-strengthened alloys where the 
strength at a temperature T, cr, varies with temperature in 
following manner 
where ¢ is the yield stress. « and ,s* are the shear rr oduli of the 
matrix and the dispersed phase respectively, and the subscripts T 
and 25 refer to values of these at test temperature and at 25°C 
The support of this research by the National Aeronautics and 
Space Administration is gratefully acknowledged 
Precipitation of Carbon From a-Iron: R. H. Doremus 
General Electric Co 
The carbides initially precipitating from a-iron containing less 
than 0.3 wt pet C were observed with the electron microscope 


SEPTEMBER 1960, JOURNAL OF METALS—745 


2 
gst 
: 
4 
pt 
matrix Wide 
- In the 
| 
show 
double 
hy pott 
The 
t 
x 
t 
Pe 
lae ‘ the ‘ j test < 
specimer was produced The three-d er rpt of 
is growth imperfections observed t ‘ ‘ 4 let ned Bist = 
by examining successively 
umellar faults, were found t 
lar faults, which are morpt 
edge dislocation models in cr 
ture the ‘ er eS 
J 
Ay 
| 
31 


rT? phase 
‘ rbide 
for he rate 
‘ u be 
ble 


ed be 

the ire 
precipitati 
inderstood 

the 
e diffusior 
ad 


N st 

itt 
‘ re 

f growt 

on whict 


Solubility and Precipitation of Nitrogen in 
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effect o 


the temperature range 200°-550°C was about 5.800 cal per ole 
far thie alloy. This can be compared with a ¥ slue of about 8,000 
nitrogen in pure a tron The precipitation process 


pe e for 
was extreme! sluggish; for example, over 200 hr required 
f complete precipitatior 200°C to take place. In binary Fe-Ni 
: the same te perature the process requires only a few 


ed that no reversior phenomena were 


ites. It might also be not 
i 0.030 pet Mn alloy. It took, in fact, several hours 
tates at 346°C. This indicates that the 


to dissolve the precipi 
and that manganese somehow in- 


precipitates ire ry coarse 
hibits the nucleation of nitride particles 


Effect of Prior Heat Treatment on Carbon Strain Aging 
in Low Carbon Steels: J. F Butler, Jones & Laugh- 
lin Steel Corp 


I snnealed low carbon steels containing no nitrogen in solution 
by variations in the cooling rate from 


itical annealing. The effect was studied 


te 
ait vs and in boron low carbor steel where the 
oger resent as BN. Low frequency interna! friction was 
ysed to the smount of carbon in solution the ywmount 
f strain aging was measured bw the increase in the homogeneous 
flow stress at 7.5 pct prestrair fter an aging treatment of | hr 


st 212°F. Carbon strain aging ' the Fe-C alloys and boron low 
« ean increase from 0 psi at a cooling rate of 500°F 


6.000 psi at a cooling rate of 1°F per min. The in 


ree of stratr wing at slower cooling rates was due 
to ar nereased amount of carbon in solution 
The dependence of carbon strain aging and the amount of 


carbor r solutior upon the cooling rate fror austenite is ex 
plained by the dispersior of carbides formed Water quenching or 
in a carbon supersaturated 


cooling through the A results 

fe te which produces a fine carbide dispersion during sub critical 

inne ng. Slower cooling rates through the A; result in the for 
ition of wide spaced pearlite colonies which are changed little 

t ibsequent nne ing. On slow cooling from the annealing ten 

perature the carbon diffusion distance to the finely dispersed car- 

bide : ma eo that carbon can be effectively removed fron 
ition whereas the large distances between pearlite colonies 


prevents effective carbon removal and allows strain aging to occur 


Refractory Metals 


2:00 to 5:00 pm, West Ballroom 
ion of Research Abstracts) 
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Metals Co 


H. W. Schadler, General Electru 
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Mechanism of Purification of Tungsten Rods 
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inghouse Electric 


The «1 
fected d 
trat ‘ 
‘ fu 
grow 
The ‘ 
tudied t 
It ‘ 
pore 
the 
ne The 


746—JOURNAL OF METALS, SEPTEMBER 


the 


Floating Zone Melting H 
Corp 
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electror m floating zone method strongly af 
the first d s nd pass t th mpuri concer 
t ting te Hea ntamination nm es a suc 
t t I ble nd single crystals whi 
‘ te t te of 2-4 pe min 
i pores 
pore formatior wnd pore ition was 
ing tatior partial sIten zones nd complete) 
which were kept Iten for different nes. The 
vere then cut along the rod axis and verpendicular 
f were nvest ted phot raphy 
that croy es f iring the first melting. These 
ne t quid 1 interface towards the 1x 
he nt t ibbles d iring tior 
egate ‘ but t the f e moiter 
bubble cont ‘ t whe the zone is ved 
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Properties 


Alloy 


Arc-melted Tungsten and Tung- 


at 


Temperatures 


1960 


G 


Up 


Se 


to 


‘o., and 


1925°C 


Elec- 
|, West- 


E. L. Harmon, Union Carbide Metals Co 


4 


The tensile properties of impact-extruded and swaged ar 
elted tungsten were determined over a range of temperature 


fro 25° to 1925°C. A peak in the yield strength and ultimate 

tensile strengt? xecurred at about 500°C accompanied by a min- 
J mn reduction in area. This behavior, as wet 

renee f a maximur in the elongation versus ten 

it ghtl ower temperatures, may have been <« 

wing. At temperatures of 1650° and 1925°C., are 

exhibited high vaiues of elongation and reductior ir rea in 

contrast to swaged powder metallurgy tungsten, which « xhibited a 


decrease in ductility at these temperatures Testing at 
faster strain rate improved the ductility of the powder nm etal 


lurgy tungster t 1650°¢ 


Ter e properties of tungsten binary alloys containing smal add 
t zirconiur and columbium were deterrm ined at 
id The iltimate tensile strength of eact of the 
llo higher than that of una loved tungster with 
» O57 o displaying the greatest stret gth 60.600 psi 
its t The strengths of the sllows were related to the 


zatior wnd the grain size There was no ap- 
No 


F " n of strength with oxygen or carbor 
1 phase was observed in the alloys 


This work was partially supported by W.A.D.D 
of Tungsten: E. L. Harmon and W. D. Forgeng. 
Union Carbide Metals Co 


The effect of annealing times and temperatures upon the mi 


Substructure, Recrystallization Behavior, and Ductility 


crostructure of swaged tungster rod was studied Concurrent 
changes n the ductile-to-brittle tr ym temperature of the 
mate were so noted. The var t s in transition temperature 
whict ould not be explained comple bw the grain structures 
beerved by usual metallographic proc edures uppeared to result 
fron hanges in substructure. These substructures were nly re- 
ealed bs : m thermal etching. Very fine diffuse subboundaries 
produced better ductility than coarse, sharply defined subbound 
iries Fror these observations it appears that the we known 
embrittlement that accompanies the recrystallizatior of cold- 
we tungsten can be rendered lees severe by introduction of 


le substructur configura 


This work was partially supported by WA DD 
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Recovery in Cold-worked Tungsten as Affected by 


Impurities: R. C. Koo, Westinghouse Electric Corp 


tecovery in high purity cold-worked tungsten rods was in 

tigated by means of a dislocation etch-pitting technique, sup 

mented by X-ray back reflection, hardness and tensile measure 
In spite of the high melting point of tungster it was 
that the ri were highly mobile at relativel 

Upon annealing at 800°C the high densit) 

ally present fairly at random in the as-worked 


mate reduced to a densit, of — 10 per sq cr ind a 
highly polygonized substructure was clearly evident. Increase in 
annealing temperature caused progressive subgrain coarsening a 
companied by extensive grain coarsening of the originally de 


ced boundary migration 


formed grains above 1100°C strain 
l of Fe had no observable 


The addition of approximately 30 wt 
sddition of approxim 


effect 30 wt ppm of Al had 
a strong in retarding polygonizatior and subgrain coarsening 
nd recrystallization temperature by about 350°C. How 
ever found that strain-induced boundary migration was 
insensiti impurities at these levels 

The effect of aluminum on the various mechanisms of recovery 


ind the dependence of mechanical properties on subgrain size 
will be discussed 


Yield Point in Tungsten Single Crystals: R. C. Koo, 
Westinghouse Electric Corp 


In an experiment on the deformation of electron-beam zone-re 
fined tungsten single crystals at subzero temperatures, it was ob 
served that the as-grown crystals did not exhibit a sharp yield 
though the crystals contained sufficient quantities of 
impurities for forming a Cottrell atmosphere for all 
the dislocations present nealing the virgin crystals or the pre 
strained crystals in vacuum at various temperatures did not alter 
the behavior. A sharp yield point, however, was always observed 
on crystals annealed in a wet hydrogen atmosphere independent 
of the amount of prestrain. If a wet hydrogen annealed crystal 
was first strained and then aged in vacuum, the yield point again 
ippeared upon reloading Furthermore, the introduction of the 
yield point was always accompanied by an increase in flow stress 
and the magnitude was found to increase with increase in the 
water vapor content in the annealing hydrogen. Other tests showed 
that the water vapor was only partially responsible for the effect 
observed 

Vacuum fusion analyses of interstitial impurities failed to yield 
any correlation with the mechanical tests. The results of many 
other tensile tests on crystals annealed under different conditions 
will be described and the origin of the vield point observed wil! 
be discussed 


Influence of Zone Refining on the Brittle-to-ductile 
Transition Temperature of Polycrystalline Tungsten 
J. L. Orehotsky, General Telephone and Electronics 
Laboratories, Inc 


Tungsten rods were zone refined. cold worked, and recrystallized 
to various grain sizes. The brittle-to-ductile transition temperature 


was determined and compared with values obtained for the 
original inzoned recrystallized rods. The zone-purified, worked 
nd recrystallized materia! had a _ significantly lower transition 


temperature than the original unzoned samples of similar grain 
sizes. The transition temperature was also found to be dependent 
upon the grain size of the material 


Effect of Structure and Purity on the Mechanical 
Properties of Columbium: A. L. Mincher and W. F 
Sheely, Union Carbide Metals Co 


The effects of structure and impurity content on the mechanical 
proper s of columbium have been studied over the temperature 
range of 196 to 1093°C. It was found that the strengthening 
influences of cold work and impurities may decrease with temper 
iture below ambient. An interpretation of this phenomenon has 
been offered. Above ambient temperature, the strengthening effects 
of cold work persist almost unchanged up to 400°C above which 
they progressively decrease. Maxima in the rate of strain harden 
ing during tensile tests in certain specific elevated temperature 
ym strain aging by interstitial impurities. Analysis 


ranges arise fre 

of the data revealed the temperature ranges at which carbon 
myeger and troger respectively are responsible for the strain 
zing. Alse on the basis of this analysis, it has been possible 


to suggest which interstitial atoms are responsible for the evidences 

of strain aging that have been reported for vanadium and tan 

talun 

Effect of Grain Size on the Oxidation of Columbium 
W. T. Hicks, E. I. duPont de Nemours and Co 
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Little difference in rate of reaction between coarse and fine 
grain columbium and dry oxygen at 1 atm wan observed from 
450 to 1200°¢ using continuous gravimetric techniques How 
ever, examination of specimens reacted to 50 pet of completion 
revealed some unexpected details of the oxidation mechanism 
1) Extensive grain boundary penetration occurred in the coarse 
grain specimens from 450° to 650°C; such penetration also ox 
curred in the fine grain material but to a lesser extent. (2) A 
fine, intragranular penetration, possibly along planes of preferred 
orientation, was observed in both coarse and fine grain materia! 
from 500° to 670°C. (3) Samples reacted at 700°C and higher tem 
peratures had comparatively smooth surfaces and no grain bound 
ary penetration 
relatively uneven attack of columbium surfaces may ac 
count for the break-away type oxidation curves and maximur 
in the rate previously reported for columbium in this temper 
ature range 


Creep, Fatigue, and Fracture 


2:00 to 5:00 pm, East Ballroom 
(Based on Submission of Research Abstracts) 


Chairmen: H. Conrad, Atomics International and M 
Schwartz, Frankford Arsenal 


Steady-state Creep Behavior of a Dispersion-strength- 
ened Aluminum Oxide Alloy With Coarse Disper- 
sion: G. A. Ansell, F. V. Lenel, and J. C. Yen, 
Rensselaer Polytechnic Institute 


The investigation of the steady-state creep behavior of SAP 
type alloys previously reported was extended to an alloy having 
a larger mean free path between oxide particles. This alloy, de 
signated RP 15-30 has an average spacing between oxide particies 
of 64. The steady state creep rate was determined as a function 
of stress and temperature 

In the stress range where dislocations can bow between the 
dispersed particles leaving residual loops the stress and tempera 
ture dependence of the creep rate is the same as previously found 
for the alloy AT 400 with a finer dispersion, Le. the creep rate is 
proportional to the fourth power of the stress and the logarithm 
of the creep rate is inversely proportional to the absolute tempera- 
ture with an activation energy equal to that of self diffusion of 
aluminum. The ratio of the creep rate of the RP 15-30 alloy to 
that of the AT-400 alloy is equal to the square of the ratios of the 
dispersion spacing. These relationships are in accord with the creep 
theory proposed by Ansell and Weertman 

At lower stresses where dislocations cannot bow between the 
dispersed particles, Ansell and Weertman'’s theory a 
creep rate proportional to stress. Such a relationship was estab 
lished for the creep of the RP 15-30 alloy at low stresses, al 
though for alloys with finer dispersion the creep rate at low stress 
drops rapidiy to immeasurably small creep rates in this stress 
region 

The support of this research by the National Aeronautics and 
Space Administration is gratefully acknowledged 


Grain Boundary Sliding in Lead Bi-crystals: P. R 
Strutt, Franklin Institute Laboratories and R. C 
Gifkins, University of Melbourne 


The bi-crystalse were grown in vacuo from hydrogen-reduced 
high-purity lead; the boundary was straight and at 45° to the ten 
sion axis. Sliding was measured using the offsets at marker lines 
and creep was measured using sets of gauge marks near to and 
distant fron the boundary Temperatures from 21°-110°C and 
stresses of 100-400 psi were used Metallographi« observations 
were made throughout the tests. There was no qualitative differ 
ence between sliding measured parallel to the stress axis or trans 


verse to it. Mean sliding correlated linearly with creep extension 
across the boundar in this zone slip systems operated in addi 
tion to the primary ones in the component crystals. Several methods 
of obtaining activation energies were used, giving scatt d values 


however, all methods gave values for sliding similar to that for 
creep in the boundar zone, but leas than for creep of the whole 
specimen. Boundary migration was usually absent or slight, except 
zed areas. Alternative interpretations of the observed stress 
lence are discussed 


depenc 
Direct Measurements of the Surface Energies of Crys- 
tals: J. J. Gilman, General Electric Co 


B: means of quantitative cleavage the surface energies of 
several simple crystals have been measured at 196°C. The crystals 
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nd eavage planes are: LiF (100), MgQ‘100), CaFs(11! Formation of Fatigue Crac ks in Aluminum Single 
CaCO, (1010 Zn (0001 their respective surface energ > 
eras per #q./cm) are: 340, 1200, 430, 230, 1240, 105. The measured Crystals: T. H. Alden, General Electric Co., and W. A 
none for LiF and MgO are in good agreement with simple lonk Backofen, Massachusetts Institute of Technology 
rhe = ue eners in effective quantis that is affected Pure aluminum single ixed orientation were 
f LiF is of noc dependent upor at nstant deflectior bending and observations 
te pe ire The bel ior f MgO similar In cor «train hardening hand formatior 
ge surface eners f Zn increases rapid with i Initial hardening for amplitude of 0.2 pet was 
cre ¢ temperature as non-basal plastic glide increases. Fe (3 pct Cea Within about 50 cycles, subsequent plastic strain giving 
increasing cleavage urface energy ser snd ther » very ow hardening rate Fine lines fron 
- . : lip formed in increasing nun bers during rapid hardening 
—- - markedly increases ealing th e fine slip cor tinued through large numbers of cycies 
1¢ cleavage surface energy of zin fter hardening to saturation did slip cluster in the way 
oc normal seeociated with fatigue straining At saturation fine 
Mechanical Behavior of AL,O, Whiskers at 25°C to widely spaced lines form on a polished surface. These ntensify 2 
rad with evcles both by spreading and by forming a notc h Pe 


e time becoming fragmented and 


9030°C: S. S. Brenner, General Electri Co 
ix 


al surface level 


; The tensile tre gths of sapphire whiskers grown by the method termed ext! “9 adily at a rate of about 1-24 pet 
first den by Webb and Forgeng e been measured as 4 4 
funct € te perature, time and er ment. The erage hort yusand cks forr in the esulting siip bands 
A thick r n anodic film applied by electrop ishing 
time 1 sex strengths f the whiske lecrease igt prevent stion of fatigue cracks. Any break it 
ine f sbout 900,000 ps t 25°C t 50,000 ps t 1965°C. The this f be failure. while metal underlying the 
tand i deviation fr the ear found to be os 6Chhigt : intact fil r Removing cracks ir the film with a 
0.4 brief polis? rr substantia increase r life 
t g ar nt surface notches, it is shown that 
nally weaken the slip bands Slip 


ea at ct fer nd i ctive slip m the 
theref ke hat caused t m « enta inte preser and observations 
ction. P tic deformati pri to fracture w not detected a of slip-band development are consistent with the idea that cross 
thoug the occurrence of all ount wnnot be sled out. Ex sli is important in establishing conditions suitable for fatigue 
cept at the er highest temperature, the fracture was of the cracking 
brittle type This paper is based on a thesis by T. H. Alden submitted to 
The temperature and time dependence of the trengths of the the Massachusetts Institute of Technology in partial fulfil Iment 
whisker hee as vet not been rationalized on the retical grounds of the requirements for the degree of Doctor of Science 
The Griffitl nechanisn f crack growtl wnd failure provides a ° General Electric Researct Laboratory Schenectady, New York 
te perature dependence that is severai times smaller thar the os Associate Professor Department of Metallurgy Metals Process i 
bse ed ‘ ing Laboratory Massachusetts Institute of Technology 


Suppression of Cleavage Fracture of a Cobalt-Iron 


Fracture Behavior of Magnesium Oxide Bi-crystals 
C. W. Chen, Westinghouse Electric Corp 


A. R. C. Westwood, Research Institute for Advanced Alloy 


Studies 
; Two methods have beer 
fracture of a Co-Fe alloy. The first ethod requires the 


revealed for the suppressior of cleavage 
forma 


Met graph studies on compressed bi-crystais of magnesiur tion at grain boundaries of a discontinuous network of precipitates 
ealed that grain boundaries are extremely effective resulting from the fecbee phase tr snsformation. Low cohesion at 
~ lislocations using them to the interface between the lattice and precipitates gives rise to in 
bouncer) ted wit! suct terfacial in place of 100; cleavage fracture The second 
pile , ip grout but these d niv when two slip bands method relies » the ger P f eemed tions upon the 
“A athe nee far} fated collapse of dises of quen hed-in vacancies in fee structure The in 
Crack | as it my ‘ra r — mobile dislocations impede the motion of slip dislocations thereby» 
ot bac tior preventing large piling up of dislocations at the grair boundaries 
disk oundaries can serve Thus, by appropriate annealing and quenching the fracture of 

ect the all shifts from the nherent cleavage type through a mixed 
whict 4 & shear, cleavage, and intergranular mode to a ductile mode 
the situated opposite side of Supplementary electrical resistiv ty measurements and specially 
seeociated with this pile-up. The men en ~ cations are generated fron quenched-in vacancies in specimens ex 
in the direct tom ~ — hibiting bigh ductility. The results of this investigatior so imply 
the t ting The ‘is ‘ sigt ir that (100) cleavage cracks are itiated in the present case the 
be the piling-up of dislocations against gratr boundaries (Stroh’s mechan 

ising a second pile-up which is usually displaced a ist rather than by the interaction of slip dislocations on two 
. from the primary group. Under certals 110} planes (Cottrell’s met hanism 
conditior the tw piled-up groups ma then co-operate to pro . 


a ¢ nm the sin boundary + 
Metallographic Study of Fracturing Behavior of Metals Coated with 
llographi evidence for the echanist will be presented 
- “a Mercury: N. A. Tiner, Douglas Aircraft Co 
Effect of Cyclic Loading on Magnesium Oxide Crystals . , ie of th fects of tyt { loading, temperatu 
A study was made 0 vw effects oO ype o oa v4 4 erature 


A. J. McEvily. Jr., National Aeronautics and Space und electric polarization on the fracturing behavior of mercury 
copper. It was nh ted that zinc showed mercur) 


Administration, and E. S. Machlin, Columbia Uni- coated zine and 
. ‘ stress cracking in both static and cy lic loading, whereas coppe! 
versity showed the effect only in cyci oading. The effect was present tr 


crystals 


polycrystals as we | as 
T transition temperature for the 


MeO crystals have been tested in reversed bending in order to The sub-zero testing rev 

letermine their behavior under cyclic loading. Single crystal spec! mereury embrittlement was completely eliminated in 

«1 were eaved and chemically polished pri to testing. It was zinc at the temperatures F. The embrittlement of both 
] was slightls reduced if the mercury coat was 


zinc and copper 


4 that 
t lid t made cathodic rei the base metal 
s the tia Microscopic exar revealed a continued penetratior of 
tude t st mercury into the grat boundaries and propagation of cracks along 
bs ne these continuous paths in 21 ss observed by others. Moreover 
the electron microscopic exan nation of replicas from the frac 
. ‘ ture surface showed that In mercury coated copper fatigue crac Ks 
I lent t propagated at high ve cities by » mechanism of local trans 
that crystalline she 
vith time. It It was concluded by Smith, Robertson and others that the basi ; 
eff fracturing eas in mercury coated metais is controlled by the 
lowering of the solid liquid interface tension at the grain bound 


The observations reported in this paper suggest that although 
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he grain boundary penetration by the wetting effect may play 
a role in the tinitiatior f cracks in static type of loading, it is 
requirement for crack propagation. The mercury 
energy 


essentia 
embrittiement is due principal! to the lowering 
absorption with crack growth by the interaction 
mechanical effects. Cracks may propagate slong 
path of grain boundaries, as well as the basal slip planes or the 
tip of fatigue crack embryos 


Powder Metallurgy ll 
(Based on Submission of Research Abstracts) 


2:00 to 5:00 pm, Pennsylvania Room East 


Chairmen: J. D. Shaw, SKC Research Associates, and 
H. Hirsch, General Electric Co 


articles Produced by 
Takada, and T 


Sintering of Very Fine Oxide 
Calcination of Salts: K. Iwase, T 
Hayashi, Kyoto University, Japan 


Electron microscopic and diffraction studies have been made of 
the mode of sintering of FeO Cre ‘ and reduced Fe 
powders prepared by calcination of the metallic salts 
When sCre(SO,) .24H,0 is heated below the formatior 
of CreO. proceeds very slowly and a well developed large rystal 
is often obtained. When the salt is calcined at higher tempera 
tures, large crystals are seldom obtained but rather an aggregate 
f very fine Cr. particles. In general, the size of the individual 
particles increases as the calcining temperature increases. This is 
explained by the sintering of the particles during calcination 

ctron diffraction studies indicate that the crystallographic axes 

individual oxide particles in an aggregate produced from a 

al of salt are frequently aligned. This may be due to 

the similarity n the distribution of metal ions in the mother 
salt and in the oxide 


An Examination of the Early Stages of Sintering of 
Metal Particles: Marvin Herman, G. E. Spangler, and 
Henri Amar, Franklin Institute Laboratories 


stages of the sintering of metal particles have beer 
measuring the rate of densification of uncompacted 
powders heated with the temperature ncreasing 
With the slow heating rates used expansion due 
gases escaping from the pore volume has been virtually elimin 
ited and thus the values of the dimensional changes obtained 
late only to particle neck growth. The sintering equations 
describe the kinetics of shrinkage based on mass transport by) 
fusion have been modified to account for the non-isothermal treat 
ment; the following expression has been derived considering that 
temperature is linearly related to time 


CD, MQ 
Fis exp 
RT 


parameter relating to neck growth 
B constant depending upon diffusion model 


surface energy 
interatomic distance 
k Boltzmann's constant 
frequency factor diffusion 
activation energy for diffusion 
gas constant 
instantaneous temperature 
a heating rate 
mand q constants relating to the solution of an exponential 
integral 
The analysis of the results of the shrinkage during sintering of 
iron and copper spherical powders indicate that the process pro 
ceeds by a diffusion mechanisn In addition metallographic evi 
dence will be presented which in the case of iron clearly shows 
the dependence of shrinkage on the presence of grain boundaries 
This work has been sponsored by the Atomic Energy Commission 


Nickel Activated Sintering of Tungsten Powder Com- 
pacts and Sprayed Deposits: J. H. Brophy, L. # 
Shepard, and J. Wulff, Massachusetts Institute of 
Technology 


Experimental evidence ha beer presented recently by the 
authors showing that nickel-coated hydrogen-reduced tungsten 


sintered to 98 pet of theoretical density at 1100°C 

was presented by which this process ma) 

to this postulate the nickel coating 

phase in which tungsten atoms are free to move 

process closely resemble those observed when 

carrier é s liquid, although in the present case, there 

o evidern existence of a liquid phase either in equilib 

phase elationships or in microstructure at the temperatures 

consideratior 

ysis has been extended to the case of nickel tungsten 

co-reduced from the oxide and subsequently sintered 

the literature by other investigators reveal the existence 

activated tungsten sintering in raw material prepared 

“vy, but the explanation presented for the mechanism is 

and not well established. The present work attempts to 

that the first stage of sintering of the co-reduced powder is 

lly similar to that observed for coated powder, with out 

differences arising from the more closely defined location 

kel carrier in the latter case. The role of grain growth 
second stage of sintering in both cases is important 

technique of nickel activated tungsten sintering has been 

sfu extended to the densification of plasma sprayed coat 

Densities of the rder of 95 pct of theoretical are obtainable 

1300°¢ Theoretical analysis again suggests kinetics like those 

ickel-coated powder sintering with modifications due to a con 

different particle shape. The practical implications of 


process are discussed 

The research reported here was supported in part by the 
Bureau of Naval Weapons, Department of the Navy Materials 
Divisior 


Kinetics of Growth of Aluminum Oxide Particles in a 
Nickel Matrix: F. V. Lenel, J. Dromsky, and G. 5S 
Ansell, Rensselaer Polytechnic Institute 


loys consisting of a matrix of nickel containing a finely dis 
“i phase of Al. were prepared by coprecipitating the mixed 
vdroxides of nickel and aluminum from aqueous solution, cal 
cining the precipitate to a mixture of oxides, selectively reducing 
the NiO to nickel, compacting the powder and resistance hot 
pressing the alloy 
Electron micrographic studies were made of the alloy after 
annealing at temperatures in the range from 1150°C to 1300°C for 
times up to 100 hr. The dispersed phase of AlyO. was observed to 
coarsen as a function of time at annealing temperature 
Quantitative electron microscopy was used to determine the 
kinetics of this coarsening process 
The support of this research by the National Aeronautics and 
Space Administration is gratefully acknowledged 
Shrinkage Behavior of Copper Compacts and Loose 
Powder Aggregates: F. V. Lenel, H. H. Hausner, 
E. Hayashi, and G. S. Ansell, Rensselaer Polytechnic 
Institute 


The relative shrinkage in the radial and in the axial direction 
of conventionally pressed copper powder compacts and of loose 
copper powder aggregates was investigated. Irregular electrolyt 
copper powder, atomized spherical copper powder and flake cop 
per powder were studied. The structure of the green and of the 
sintered compacts and aggregates was examined me llographically 
The results experimental work lead to the tentative con 
clusion that theories advanced to explain the differences in 

shrinkage of compacts and aggregates are 
pores of green and sintered compacts of tirreg 
copper powder are not disk or lens shaped, but equiaxed and 
difference ir shrinkage car therefore not be attributed to 
shape of the pores. On the other hand, the ratio of axial and 
shrinkage of irregular powder and of flake aggregates is 
the same in spite of the fact that the pores in the flake 
powder aggregates are much larger in the radial than in the 
axial direction. The possibility that stresses in the plastic region 
a much greater influence upon shrinkage behavior than pore 

is discussed 
support of this research by the Research Division of the 
States Atomic Energy Commission is gratefully acknow! 
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Nuclei for ondary recrystallization, contrary to the usual 
relationship, correlate directly with the strongest component of 
ry matrix texture 110 001 From observations ot 


the prima 
grair boundar migration during secor dary recrystallization the 
relationship he was obtained. Oriented growth ts not in 


volved in the secondary recrystallization 


Growth Rates of Surface Energy Controlled Secon- 
darv Grains in 3 pct Silicon Iron Sheets K. Foster, 
J. J. Kramer, and G. W. Wiener, Westinghouse Elec- 
tric Corp 


An investigation of the effect of primary grain size snd sheet 
led secondary growth rates 


thickness on surface energy contre 
of (100) grains in 3 pet silicon iron sheets was 
yndat grain growth was ¢ srried out under conditions 
100 plane had the lowest surface energy To describe the re 


ide where sec 
in whict 


sults, the relation 


G Cc ) 
t 
was derived here G is the secondary growth rate M is the 
nobility of the grain boundary ye is the grain boundary energy, t 


is the average primary grain radius, Sy. ‘Ss the difference in sur 
face energy between the (100) plane and the average primary ™ma- 
trix. t is the sheet thickness, and C is a negative driving force re- 
lated to the holding up of grain boundaries by inclusions Growth 


rate measurements f 100 secondaries were made for four 
primary grain sizes and two sheet thicknesses (‘essentially all other 
variables were held constant A value for the ratio dy«/7 of about 
t pet was obtained, indicating that the grain boundary energy 
ipplies most of the driving force for growth The energy sup- 
plied by the urface energy difference ts required for secondary 


growth, but primarily only to se lect the secondary grain and to 
trigger the secondary growth process 


Recrystallization of Iron and Iron-Manganese Alloys 
W. C. Leslie, F. J. Plecity, and J. T Michalak, U. S 
Steel Corp 


Isothermal recrystallization and grain growth in zone and 
vacuum-melted irons and Fe-Mn alloys, up to 0.60 pet Mn, were 
studied in the range 480°-650°C, after 60 pct cold reduction 

In the early stages of recrystallization the rate of grain growth 
lization of high-purity iron decre used with 


time rature. The recrystallization of heavily cold 
) high purity iron is consistent with the 

proposal that lization is a growth-controlled process with 

nucl at substantially zero time 


It s proposed that ir the earis stages the rate of grair 
growth is highly strained polycrystalline high-purity iron is pro 


portional to the residual strain energy of the deformed matrix 
Tr nm turr s determined by the extent to which recovery has 
eccurred. The characteristic kinetics ef recovery determine the 
kinetics of grain growtl In the early observable stages of iso 


thermal crystallization, the linear rate of grain growth, G, may 
be represented by the equation 


G K, F Kelnt 
where F. is the residual strain energy st zero time, t is time, K 
und Ke are constants. After recovery ceases the growth rate be 
mes constant, until affected by in pingement 
Up to a concentration of about 6.30 wt pet Mn reduces the rate 
of growth if primary recrystallized grains according to the re 


G exp K pet Mr 
where G. is the rate of growth in high-purity 
0.30 pet Mr the rate of growth of rex rystallized grains is only 
ght reduced by additional increments of manganese. The me 
tallization changes at about 0 30 pet Mr At this 


iron. Above about 


chanist recrys 
point, nucleation becomes a function of time. Although rate of 
rair rowth decreases with time, the rate of recrystallization in- 


In compartisor with other elements, manganese has a compara- 
tively small effect upon the recrystallization of iror 


Recovery of Cold Worked Aluminum and Copper 
under Stress: P. H. Thornton, University of Penn- 
sylvania, and R. W. Cahn, University of Birming- 
ham, England 


F most cubic metals, there is no convenient metallographic 
distinguishing recrystallized from unrecrystallized ma- 
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terial during the snnealing process. A microhardness technique 
has been described which enables the degree of recrystallization t& 
be determined for 99.999 pet cu. In this method a measure of 
the ary unt of recrystallization which has occurred is made fron 
the microhardness histogram into two peaks, one 
correspo 4 unrecrystallized material and the other 
to recry . sterial. This provides a means of deter 
the recovery and recrystallizatior 
iment showed that only : 
could produced by a stress under 
lead to rapid creep failure or recrystallizatior 
stress was to cause work hardening of the recrys 
tallized Although copper of lower purity, when partially 
recrystallized, did not produce these duplex peaks in the micro 
hardness histograms, a ilar conclusion was reached 
Experiments were carried out on 99.99 pct Al to determine b 
how much, softening could be produced, by recovery alone, wher 
annealed under stress 
ount of recover) the annealing temperature was s 
t no recrystallization could occur with the annealing 
The presence of stress during the annealing proce 
the kinetics and the extent of recovery. The amount 
could be increased from about 18 pct to over 50 pct 
increase could be correlated with the creep deformatior 
produced 


Hardness was again chosen as a measure of 


This work was sponsored by A.E.R.E.. Harwell, England, as part 
of an investigation on recrystallization under stress 


Effect of Orientation on the Recrystallization Kinetics 
of Cold Rolled Single Crystals: W. R. Hibbard, Jr., 
and W. R. Tully, General Electric Co 


Single crystals of copper and silicon-iron were cold rolled in 
orientations chosen to produce individually the major components 
of the polycrystalline deformation texture The orientation de 
pendence of the kinetics « ystallization was studied in relation 
to the textures produced by primary recrystallization of these speci 

s. It is not possible rationalize the polycrystalline recrys 
tallized textures on this basis The results suggest an important 
role of oriented growth and the interaction of adjacent crystals 
during the deformation of aggregates 


Effect of Annealing Temperature on Preferred Orien- 
tation in High-purity Lead: K. T. Aust and J. W 
Rutter, General Electric Co 


During a study of the mobility of grain boundaries in bicrystals 
ing controlled orientations, it was observed that the temper- 
dependence of grair boundary migration in zone-refined lead 
sillier for large angle coincidence-type grain boundaries than 
angle not boundaries. For example 
f of i } boundaries is greater than that for 
yundaries > but their relative mobilities are 

st 300°C 
above observation suggested the following experiment, which 
onducted to further evaluate the role of grain boundary 
ity in the ypment of preferred orientation. New grains 
‘mperature followed 


dence randow 


oduced lized deformat 
st 175°C 
the substructure grown si 

ad. The orientation relationship was 
t-grown crystal and the recrysta 
successfu n each specimer After 
distinguishing feature the fact 

re ible to migrate 

slways large-angle 
stionships are obtained. However, after an 
ost successful grain boundaries 
nee-site orientation relationship. i.e 


ined 


successfu 


boundaries 


separate 


unequivocal manner the irr 
dependence of grain boundary mobility) 
rred orientation in an annealed, higt 
observed coincidence boundaries 
onberg and filson, Dunr and 
re related by certair rotations 


axes 


Annealing Twins in Zone-refined Aluminum 
Aust. General Electric Co 


interfaces ir 


lized 
zone-refined alu 


recrvsta 


inum used in this work was characterized by an electrical re 
mperature and 4.2°K of about 9000 
sunnealing twin was formed during 
ingle random boundary was 
coincidence boundary a near 
twin boundary i 5 angle boundary The coincidence 
boundaries observed in high-purity aluminum separated crys 
having orientation relationships corresponding to a relatively 
of coincidence sites In a previous stud on wvone 
by Aust and Rutt« the formation of annealing twins 
the appearance of coincidence boundaries corresponding 
us high densities of coincidence sites These observa 
tent with the larger ratio of twin boundary energy 
boundary energy in aluminum as compared to lead 

results support the Fullman-Fisher theory of ar 
and provide evidence in favor of the interpretation 

urge angie grain boundaries in terms of the coincide 


ratio between room te 
found that where ' 


site mode! 


Temperature Dependence of Rolling Textures in High 
Purity Silver: Hsun Hu and R. S. Cline, U. S. Steel 
Corp 


The rolling texture of silver is commonly known as (110 112 
whereas that for most of the other fcc metals, such as Cu Al, Ni 
et is mainly 123 412 A texture transition from the copper 
type to the silver-type can be effected by solute additions. Among 
many fec alloys. a brass is a typical example for sus h texture 
changes 

A basic understanding of the formation of the two different types 
of rolling textures in a fee lattice has long been lecking. Smaliman 
ha suggested that slip-piane hardenability and erahooting which 

dependent on both concentration and temperature may be 
responsible for the texture transition in alloys. However, just how 
ting ects the final orientation at high deformations ts 
li clear. Brown, incorporating the ideas of Seeger and of 
has suggested the dependence of wire textures on stacking 
energy. To check this idea, we conducted an investigation to 
a texture transition can be produced in high-purity 
r the rolling temperatures ind subsequently to 

change in texture with stacking fault frequencs 
silver used is of such high purity total metallic impurities 
spectrographically detected 2 ppm; 0 2 ppr that substantial 
recrystallization takes place at room temperature after 40-50 pet 
reduction. Therefore » low-temperature device must be used for 
texture determinations. The texture determined at 0°C for a speci 
men rolled 91 pet at 0°C was the normal (110 112) type. Hence 
the relatively high oxygen content of common silver is probably 
not responsible for the formation of the (110) 112! texture as 
Smallman suggested. The texture determined at room temperature 
for a specimen rolled at 200°C was primarily of the copper-type 
together with a cube-texture component Microscopic examination 
ndicated partial recrystallizatior presumably due to reheating the 
trip betw n tr vst few rolling passes. The cube-texture com 

sonent obviously arises largely from the recr) stallized grains 

The present sult é ord with the observations of Mull 


raho 


who obtained a (110 112! texture in copper rolled at a low 
perature. Thus, the change of rolling texture fron » type 

sther in fec metals can be obtained by merely ‘ ving the ter 
perature of deformation. Further experiments are ¢ urrently in 


progres st this laborator’s 
if 


Evolution of Textures in FCC Metals, Part III: Cor- 


relation With Silver Chloride: Y. C. Liu and R. H 
Richman, Ford Motor Co 


plastic deformation modes « "| have been reported as 
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Publication of Nuclear Metallurgy Volume VII 


A seventh volume on ‘Nuclear Metallurgy’’ containing papers presented 
at the Symposium on ‘‘Metallic Moderators and Cladding Materials’ (Wednes- 
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